♦ 

:                                            ■[ 
t 

S^T^VT^ 

) 

Digitized  by  tine  Internet  Arcinive 

in  2008  witin  funding  from 

IVIicrosoft  Corporation 


http://www.archive.org/details/cyclopediaofarch09ameruoft 


\ 


^     %. 


CO  V 

D  " 

Z  S 

O 

U  _. 

^  — 


^  "a 
q:< 
o  _- 

L..| 

o  ^ 

z  I 

CQ  UJ 
CO    -C 

df 


Cyclopedia 


^<f 


Architecture,  Carpentry, 
and  Build inii 


A  General  Reference  JVork 
ON    ARrHITECTrRK,   rARPENTRY,    BflLDING,    StPKRINTESOEXC  E,    CONTRACTS, 
Sl'ECIFK  ATIONS,     BIM.DING     LAW,     STAl  K-Bl  I LDING,     ESTIMATING, 
MASONRY,   REINFORCED  (  ONCRETE,  STRlTTfRAI.  ENGINEER- 
IN*;,     ARC  IIITECTIRAI.    DRAWING,     SHEET     METAL 
WORK,    HEATING,    YENTII.ATINi;,    ET<  . 


Prepared  hy  a  Staff  of 


ARC  IIITErTS,    m  II.DI-RS,     ENGINEERS,    AND    EXPERTS    OF    THE    HKillEST 
I'Ki  IKKSSIUNAL    STANDlN<i 


llluitrateei  vuith  oi'er  'I'hrte  'Ihouuind  Engrav'tngt 


TK  N     Vol.r.MKS 


{  IIICAGO 

AMERICAN  TKCIIMCAI.  M)C:KTV 

I'H.' 


Copyright.  1907.  1909.  1912 

BY 

AMERICAN  SCHOOL  OF  CORRESPONDENXE 
Copyright,  1907.  1909.  1912 

BV 

AMERICAN  TECHNICAL  SOCIETY 


Entered  at  Stationers'  Hall.  London 
All  KiRlits  Reserved 


Authors   and   Collaborators 


jamb:s  c.  plant 

Superintendent  of  Computing   DivUion,   Oflic 
Wuihinttton.  D.  C. 


of    Sui>crviiiinK    Archiut-t.    Tr«i»urjr. 


WALTER  LOKLNG  WEBB,  C.  E. 

ConsultinK  Civil  Enetncer 
Author  of  "Railroad  Construction." 


"Economica  of  Railroad  Construction."  etc 


J.  K.  COOLIDGE.  Jr..  A.  M. 

Architect,  Boston 

President,  Roston  Society  of  Architects 

Actintr  Director,  Museum  of  Fine  Arts.  Boston 


H.   V.  VON  IKJLST,  A.  B..  S.  B. 

Architect,  Chicago 

President,  Chicaso  Architectural  Club 


FRED  T.  HODGSON 

Architect  and  Editor 

Member,  Ontario  Association  of  Architects 

Author  of   ".Modern  Carpentry."   "Architectural    OrawinK.   Si-lf-Tnuirht." 
Square,"  "Modem  Estimator,"  etc. 


GLENN  M,  HOBBS.  Ph.  D. 

Secretary,  American  School  of  Corresiiondenco 


P'RANK  O.  DUFOUR,  C.  E. 


Asnistant  Professor  of  Structural  EnKincerinx.  University  of  IllinoU 
American  Society  of  Civil  Encrineors 


SIDNEY  T.  STRICKLAND.  S.  B. 


MaiuuichuMittJi  Inntltutn  of  Technolotry 
tlrnU  ilrm  Uraui  Arts,  Pari* 


WM.  H.  LAWRENCE.  S.  B. 

Prnfouor  »f  Arrhltoctural  Knirlnmrinu.  MaiuuirhuoettJi  Institute  f>f  Tcchnolcwy 


Authors  and  Collaborators— Continued 


EDWARD  NICHOLS 

Architect,  Boston 

^« 

H.  W.  GARDNER,  S.  B. 

Associate  Professor  of  Architecture,  Massachusetts  Institute  of  Technologry 


JESSIE  M.  SHEPHERD,  A.  B. 

Associate  Editor.  Textbook  Department,  American  School  of  Correspondence 


GEORGE  C.  SHAAD,  E.  E. 

Professor  of  Electrical  Engineering,  University  of  Kansas 


MORRIS  WILLIAMS 

Writer  and  Expert  on  Carpentry  and  Building 


HERBERT  E.  EVERETT 

Professor  of  the  History  of  Art,  University  of  Pennsylvania 


ERNEST  L.  WALLACE,  B.  S. 

Assistant  Examiner,  United  States  Patent  Office.  Washington,  D.  C. 

Formerly  Instructor  in  Electrical  Engineering,  American  School  of  Correspondence 


OTIS  W.  RICHARDSON,  LL.  B. 

Of  the  Boston  Bar 

\« 

WM.  G.  SNOW,  S.  B. 

steam  Heating  Specialist 

Author  of  "Furnace  Heating,"  Joint  Author  of  "Ventilation  of  Buildings" 

American  Society  of  Mechanical  Engineers 


W.  HERBERT  GIBSON,  B.  S.,  C.  E. 

Civil  Engineer  and  Designer  of  Reinforced  Concrete 


ELIOT  N.  JONES,  LL.  B. 

Of  the  Boston  Bar 


Aiithor?  and  Colliburutors — Continued 

K.  T.  MILLKK,  Ju..  A.  M..  LL.  U. 

rrcHident.  American  School  uf  Correnpondence 

^• 
WM.  NEUBECKER 

Iiuitructor.  Sheet  Metiil  I)e|.artim-nt  uf  New  York  Trade  School 


WM.  BEALL  GRAY 

Sanitary  Knitint-cr 

Member,  National  A8.s<M"iation  of  Master  Plumbers 


EDWARD  MAURER,  B.  C.  E. 

I'rofeHsor  of  MechanicH.  University  of  Wiaconnin 


EDWARD  A.  TUCKER,  S.  B. 

Architectural  Engineer 

Member,  American  Society  of  Civil  Kngineers 


EDWARD   B.  WAITE 

Head  of  Instruction  Department.  American  School  of  Correspondence 
American  Swiety  of  .Mechanical  KnKinecrn 
Western  Society  of  EnxinecrH 


ALVAH  HORTON  SARIN,  M.  S. 

Lecturer  in  New  York  University 

Author  of  "Technoloiry  of  Taint  and  Varnish,"  etc. 

American  Society  of  Mechanical  EnKineers 


GEORGE  R.  METCALFE,  M.  E. 

FMitor,  American  Inntitutcof  Electrical  Engineers 

Formerly  Head.  Tochnicml  Publication  Department.  Wentinirhouiui  Electric  &  Manufar- 
turinic  Co. 


HENRY  M.  HYDE 

Editor  "Technical  World  Mauoxine" 

•V* 

CIIA.S.   1,.    liri'.It.MUi.  S.  15..   M.  E. 

C'onjiiiUlnir  KnirlnraT  un  lleatinu,  Vi'ntllnllnB,  l.iithtinir.  and 
Kormnrly  with  S.  Humor  Wo.«ll>riditt>  ('«. 


Authors  and  Collaborators— Continued 


FRANK  CHOUTEAU  BROWN 

Architect,  Boston 

Author  of  '  Letters  and  Lettering" 

DAVID  A.  GREGG 

Teacher  and  Lecturer  in  Pen  and  Ink  Rendering,  Massachusetts  Institute  of  Technology 


CHAS.  B.  BALL 

Chief  Sanitary  Inspector,  City  of  Chicago 
American  Society  of  Civil  Engineers 

ERVIN  KENISON,  S.  B. 

Assistant  Professor  of  Mechanical  Drawing,  Massachusetts  Institute  of  Technology 


CHAS.  E.  KNOX,  E.  E. 


Consulting  Electrical  Engineer 

American  Institute  of  Electrical  Engineers 


JOHN  H.  JALLINGS 

Mechanical  Engineer 


FRANK  A.  BOURNE,  S.  M.,  A.  A.  I.  A. 

Architect,  Boston 

Special  Librarian,  Department  of  Fine  Arts,  Public  Library   Boston 

ALFRED  S.  JOHNSON,  Ph.  D. 

Formerly  Editor  "Technical  World  Magazine" 


GILBERT  TOWNSEND,  S.  B. 

With  Ross  &  McFarlane,  Montreal 


HARRIS  C.  TROW,  S.  B.,  Managing  Editor 

Editor-in-Chief,  Textbook  Department,  American  School  of  Correspondence 


Authorities   Consulted 


THE  editors  have  freely  consulted  the  standard  technical  literature 
uf  America  and  Europe  in  the  preparation  of  these  volumes.  They 
desire  to  express  their  indebtedness  particularly  to  the  following 
eminent  authorities  whose  well-known  works  should  be  in  the  library  of 
everyone  connected  with  buildinp. 

Grateful  acknowledpment  is  here  made  also  for  the  invaluable  co- 
operation of  the  foremost  architects,  engineers,  and  builders  in  making 
these  volumes  thoroughly  representative  of  the  very  best  and  latest  prac- 
tice m  the  desipn  and  constioiction  of  buildings;  also  for  the  valuable 
drawings  and  data,  suggestions,  criticisms,  and  other  courtesies. 


J.  H.  JOHNSON,  C.  E. 

Form'  riy  Dean.  Collctrc  of  Mechanics  and  Enirincerinjr.  Univ-ersity  of  Wisconsin 
Author  of  "Kntrinwrintr  Contract-s  and  SiH-cilications,"  ".Materials  uf  Construction." 
Joint  Author  of  "Theory  and  Practice  ;in  the  DcsiicninK  of  Modern  Kramed  Struc- 
tures" 

JOHN  CASSAN  WAIT.  M.  C.  E.,  LL.  B. 

Counsclor-at-LjiW  iind  Consultinvr  Engineer:  Formerly  Assistant  Professor  of  EnKine«r- 

ini:  at  Harvard  L'niv«Tsity 
Author  of  "Engineerintf  anil  Architectural  Jurisprudence" 


T.  M.  CLARK 

Follow  of  the  American  Institute  of  Architects 

Author  of  "BuildinK    Superintendence."   "Architect.    Builder,    and  Owner   In-fore   the 
Law" 

V» 

FRANK  E.  KlUUER.  C.  E..  I'h.  1). 

Cunsultinic  Architect  and  Structural   Knjtincer:    Fellow  of  the  American   Institute  of 

Architects 
Author    of    "Architects'    and    Ruilders'    Pocket- I'ook ;"    "Kuildinir  Construction    and 

SuiH-rlntindeme:    Part    I.    Masoni'    Work:    I'lirt    II.   CariH-nL-rs'   Work:    Part   III. 

Trussed  lUiofs  and  Hoof  Trusses:  "  "Churches  and  Chapels" 


AUSTIN  T.  BYRNE.  C.  E. 

civil  KnttinetT 

Author  of    "lnsp«'ction  of   Materials  and    Workmanship  Employed    In  Construclion. * 
"(liichway  Construrlion" 

W.   l:.  WAKE 

Formerly  Pmfmuior  of  Arrhlteeturr.  Cxilumbta  Unlvpmlly 
Author  <if  "M'idem  Prni|>*>ctivo" 


Authorities  Consulted — Continued 


CLARENCE  A.  MARTIN 

Professor  of  Architecture  at  Cornell  University 
Author  of  "Details  of  Building  Construction" 


FRANK  N.  SNYDER 

Architect 

Author  of  "Building  Details" 

^« 

CHARLES  H.  SNOW 

Author  of  "The  Principal  Species  of  Wood.  Their  Characteristic  Properties" 

OWEN  B.  MAGINNIS 

Author  of  "How  to  Frame  a  House,  or  House  and  Roof  Framing  ' 

HALBERT  P.  GILLETTE,  C.  E. 

Author  of  "Handbook  of  Cost  Data  for  Contractors  and  Engineers" 

OLIVER  COLEMAN 

Author  of  "Successful  Houses" 

^• 

CHAS.  E.  GREENE,  A.  M.,  C.  E. 

Formerly  Professor  of  Civil  Engineering,  University  of  Michigan 
Author  of  "Structural  Mechanics" 

LOUIS  de  C.  BERG 

Author  of  "Safe  Building" 

V» 

GAETANO  LANZA,  S.  B.,  C.  &  M.  E. 

Professor  of  Theoretical  and  Applied  Mechanics,  Massachusetts  Institute  of  Technology 
Author  of  "Applied  Mechanics" 

*/» 

IRA  O.  BAKER 

Professor  of  Civil  Engineering,  University  of  Illinois 
Author  of  "A  Treatise  on  Masonry  Construction" 


GEORGE  P.  MERRILL 

Author  of  "Stones  for  Building  and  Decoration" 

FREDERICK  W.TAYLOR,  M.  E.,  and  SANFORD  E.THOMPSON,  S.  B.,  C.E. 

Joint  Authors  of  "A  Treatise  on  Concrete,  Plain  and  Reinforced" 


Aiithoritie*  Consul  ted— Continued 


A.  VV.  BUEL  and  C.  S.  HILL 

Joint  AuthorH  of  "Reinforced  Concrete" 

NEWTON   HARRISON.  E.  E. 

Author  cif  ••  Klectric  Wirinir.  Diairrunia  anJ  SwitchboardH" 


FRANCIS  B.  CROCKER.  E.  M..  Ph.  D. 

Head  of  Department  of  Kl.-ctrical  Enirinecrinsr.  Columbia  University:    I 

American  Institute  of  Klectrical  EnKineera 
Author  of  "Electric  LishtinR" 

J.  R.  CRAVATH  and  V.  R.  LANSINGH 

Joint  Authors  of  "  Practical  Illumination" 

JOSEPH  KENDALL  FREITAG,  B.  S.,  C.  E. 

Authom  of  "  Architectuml  EnKineerink'."  "  FireproofinK  of  Steel  Buildings" 


WILLIAM   H.  BIRKMIRE.  C.  E. 

Author  of  "I'lannin>r  and  Construction  of  Hifth  Office  Buildings."  "Architectural  Iron 
and  Steel,  and  Its  Application  in  the  Construction  of  Buildings."  "Compound 
Riveted  Girders,"  "  Skeleton  Structures."  etc. 


EVERETT  U.  CROSBY  and  HENRY  A.  FISKE 

Joint  Authors  of  "  Handbook  of  Fire  Protection  for  Improved  Risk" 

CARNEGIE   STEEL  COMPANY 

Authors  of  "  Pocket  Companion.  C'ontaininjt  Useful  Information  and  Tables  Appertain- 
inif  to  the  Use  of  Stei-l" 

"y 
J.  C.  TRAUTWINE.  C.  E. 

Author  of  "Civil  Enirlnecr's  rocket- Hook" 

ALIMIA    PIERCE  JAMISON,  M.  E. 

Amdilant  ProfeniMjr  of  MechnnirnI  Drnwlnii.  I'unliir  rnivrrnity 
Author  of  "Advanced  Mechanical  Drawinir" 


FRANK    Cilni:  IKAi:    HKOW.N 

Arrhllrrt    Ikntnn 

Authiir  uf  "  l,«tter>  ami  l,«tt<<rini(" 


Authorities  Consulted — Continued 


HENRY  McGOODWIN 

Author  of  "Architectural  Shades  and  Shadows" 
^» 

VIGNOLA 

Author  of  "The  Five  Orders  of  Architecture,"  American  Edition  by  Prof.  Ware 

CHAS.  D.  MAGINNIS 

Author  of  "Pen  Drawing,  An  Illustrated  Treatise" 


FRANZ  S.  MEYER 

Professor  in  the  School  of  Industrial  Art,  Karlsruhe 
Author  of  "  Handbook  of  Ornament,"  American  Edition 


RUSSELL   STURGIS 

Author  of  "A  Dictionary  of  Architecture  and  Building,"  and  "How  to  Judge  Archi- 
tecture" 


A.  D,  F.  HAMLIN,  A.  M. 

Professor  of  Architecture  at  Columbia  University 
Author  of  "A  Textbook  of  the  History  of  Architecture 


RALPH  ADAMS  CRAM 

Architect 

Author  of  "Church  Building" 


C.  H.  MOORE 

Author  of  "  Development  and  Character  of  Gothic  Architecture" 

ROLLA  C.  CARPENTER,  C.  E.,  M,  M.  E. 

Professor  of  Experimental  Engineering,  Cornell  University 
Author  of    'Heating  and  Ventilating  Buildings" 

WILLIAM   PAUL  GERHARD 

Author  of  "A  Guide  to  Sanitary  House  Inspection" 

I.  J.  COSGROVE 

Author  of   '  Principles  and  Practice  of  Plumbing" 


-  =  -2 


u    5   - 

D    -■    - 


W     =     — 

a.    =    S 

UJ    £     c. 


CONSTRUCTION    DRAW! Ma 

5no\A;ina 

aHE-ET  ^\ETAL  DRUn  AWD  VEMTILATOU  IH 

VEMTILATIOM    WORK 


pipes  conneclfed  Xo  drum  im  aJlic 

a^lso  sl:'ea>~.vn  coils   in  drum  Xo 

crQSsXe,  sucTion. 


Foreword 


HK  nipiil  f\()liui<)ii  of  coir-triictivi' iiictlnMls  in  recent 
.^        _,  \(':ii>.  a>  illu>li;it<'(l  in  the  use  of  sUm'I  and  concrete, 

•''-,(  I  S^  iiiiil  the  inci-('a>C(l  >i/,i'  ami  couiplt-xity  of  l)uil<linifs, 
has  created  tlie  necessity  for  an  aiitliority  which  shall 
emlxidy  accumuhited  experience  and  ai>|irovi"d  i)ractice  along  a 
variety  of  correlated  lines.  The  Cyclopedia  of  Architecture, 
Carpentry,  aiul  Buildiiiir  is  designed  to  till  tliis  acknowledged 
need. 

C,  There  is  no  industry  that  compares  with  Building  in  the 
close  interde{)endence  of  its  .subsidiary  trades.  The  Architect, 
for  example,  who  knows  notiiing  of  Steel  or  Concrete  con- 
.struction  is  toflay  as  niutli  out  of  place  on  iuipoMaiit  work 
as  the  Conliailor  who  cannot  make  intelligent  estimates,  or  who 
understand.s  nothing  of  hi>  legal  right<  and  rc-pon^ihilitie-^.  .V 
carpenter  must  now  know  something  of  .Ma.sonry,  Electric  Wiring, 
and.  in  fact,  all  other  trades  employed  in  the  erection  of  a  build- 
ing; an<l  the  same  is  true  of  all  the  craftsmen  whose  handiwork 
will  enter  into  the  couiiileted  structure. 

C,  Neither  jiains  nor  expense  have  been  s]iared  to  make  the 
present  work  the  most  eoMi|irehensive  and  authoiilalive  on  the 
Hultject  of  Building  and  its  idlied  industries.  The  aim  has  been, 
not    merely   to   create   a    work    whicli    will    a|>peal   to    I  lie    tniined 


expert,  but  one  that  will  commend  itself  also  to  the  bew'inner 
and  the  self-taught,  practical  man  by  giving  him  a  working 
knowledge  of  the  principles  and  methods,  not  only  of  his  own 
particular  trade,  but  of  all  other  branches  of  the  Building  Indus- 
try as  well.  The  various  sections  have  been  prepared  especially 
for  home  study,  each  written  by  an  acknowledged  authority  on 
the  subject.  The  arrangement  of  matter  is  such  as  to  carry  the 
student  forward  by  easy  stages.  Series  of  review  questions  are 
inserted  in  each  volume,  enabling  the  reader  to  test  his  knowl- 
edge and  make  it  a  permanent  possession.  The  illustrations  have 
been  selected  with  unusual  care  to  elucidate  the  text. 

C,  The  work  will  be  found  to  cover  many  important  topics  on 
which  little  information  has  heretofore  been  available.  This  is 
especially  apparent  in  such  sections  as  those  on  Steel,  Concrete, 
and  Reinforced  Concrete  Construction ;  Building  Superintendence ; 
Estimating;  Contracts  and  Specifications,  including  the  princi- 
ples and  methods  of  awarding  and  executing  Government  con- 
tracts; and  Building  Law. 

C.  The  Cyclopedia  is  a  compilation  of  many  of  the  most  valu- 
able Instruction  Papers  of  the  American  School  of  Correspond- 
ence, and  the  method  adopted  in  its  preparation  is  that  which  this 
School  has  developed  and  employed  so  successfully  for  many  years. 
This  method  is  not  an  experiment,  but  has  stood  the  severest  of  all 
tests — that  of  practical  use — which  has  demonstrated  it  to  be  the 
best  yet  devised  for  the  education  of  the  ])usy  working  man. 

C,  In  conclusion,  grateful  acknowledgment  is  due  the  staff  of 
authors  and  collaborators,  w^ithout  whose  hearty  co-operation 
this  work  would  have  been  impossible. 
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ELECTRIC   WIRING 


MRTHOnS  or  WIRINO 

Tin*  (lifTcmil  iiit'tlin(l>  (it"  wiriiij^  wliicli  art-  iitiw  approve*!  I»y  the 
National  Hoard  of  I'irt'  I  ndi-rwriters,  may  he  flas.sifiwl  iiiuli-r  four 
geiii-nd  lii-ads,  as  follows: 

1.  WiKKs  Ui'N  Concealed  in  Condtits. 

2.  WiKKs  Rln  in  Mouldin'u. 

3.  CuXCEALED    KnoH   AND  TuBE    W'lRING. 

4.  Winr^!  Rt'\  Kxpnsf:D  n\  IvsT'i.ATons. 
WlkllS  RLN   CONCUALLIL)   IN  CONULITS 

T'ndcr  this  general  heat!,  will  be  included  tiie  following: 

(a)     Wires  run  in  rigid  conduits. 

(6)     Wires  run  in  flexihle  nu-tal  comluits. 

(c)      Armored  cable. 

Wires  Run  in  Rigid  Conduit,  'i'lie  forniof  rigid  nietal  tondiiit  now 
uscil  almost  exclusively,  consists  of  plain  iron  gaspij>e  the  interior  sur- 
face of  which  has  In'en  prepared  hy  removing  the  scale  and  i>y  remov- 
ing the  irregularities,  and  which  is  then  coated  with  flexible  enamel. 
Till-  outside  of  the  pi])c  is  given  a  thin  coat  of  i-naintl  in  stimc  cases, 
antl,  in  other 
cases,  is  galvan- 
ize«l.  Fig.  1 
shows  one  make 


KlK.  I.    UIkI'I  KnamclcHl  Con.liilt.  I'iiUiuhI. 


enameled   (nn-  Courtttyof  American  ('on,tiiit  Mfg.  r,).,  Pittthurg.  /M. 

line<l)  conduit. 

Aiiolhtr  form  of  rigid  condnil  i>  that  known  as  tlic  armoral  ctni- 
(liiil,  whi<h  consists  of  iron  |>ip<'  uilii  an  interior  lining  of  j»ajM'r 
iinprcgnale«l  with  asphallum  or  similar  compound.  This  latter  form 
of  conduit  is  now  rapidlv  going  out  of  use,  owing  to  the  unlined  pi|H' 
lM'ingchea|K'r  and  «'asier  to  install,  an«l  owing  also  to  impn»ve»l  metho«ls 
of  pnilecting  the  iron  pipe  from  corrosion,  iiinl  to  the  inlriNluction  of 
additional  braid  mi  the  ( niiiluctors,  which  jmrtly  ctunjH'n.sjites  for  the 
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pipe  being  unlined.  Tiie  introduction  of  improved  devices — such  as 
outlet  insulators,  for  protecting  the  conductors  from  the  sharp  edges  of 
tiiC  pipe,  at  outlets,  cui-out  cabinets,  etc. — also  decreases  the  neces- 
sity of  the  additional  protection  afforded  by  the  interior  paper  lining. 

Rigid  Conduits  are  made  in  gaspipe  sizes,  from  one-half  inch  to 
three  inches  in  diameter.  The  following  table  gives  the  various  data 
relating  to  rigid,  enameled  (unlined)  conduit: 

TABLE  I 
Rigid,  Enameled  Conduit— Sizes,  Dimensions,  Etc. 


Nominal 

Ndmber  op 

Actual 

Nominal 

Standard 
Pipe  Size 

Thickness 

Weight 

PER 

Thre.ads 
PER  Inch 

Outside 
Diameter. 

Inside 
Diameter. 

100  Feet 

OF  Screw 

Inches 

Inches 

h 

.109 

84 

14 

.84 

.62 

i 

.113 

112 

14 

1.05 

.82 

1 

.134 

167 

Hi 

1.31 

1.04 

n 

.140 

224 

Hi 

1.66 

1.38 

n 

.145 

268 

Hi 

1.90 

1.61 

2 

.154 

361 

Hi 

2.37 

2.06 

2i 

.204 

574 

8 

2.87 

2.46 

3 

.217 

754 

8 

3.50 

3.06 

Tables  II,  III,  and  IV  give  the  various  sizes  of  conductors  that 
may  be  installed  in  these  conduits.     Caution  must  be  exercised  in 

TABLE   II 
Single  Wire  in  Conduit 


Size  Wire,  B.  &  S.  G. 

Loricated  Cc 

NDuiT,  Unlined;  D.  B.  Wire 

No.  14-4 

i  inch 

"       2 

f 

" 

1 

f 

" 

"       0 

a 

inch 

or  1 

" 

"       00 

1 

" 

"       000 

1 

" 

"       0000 

1 

<< 

250,000  C.  M. 

H 

" 

300,000  C.  M. 

H 

(( 

350,000  C.  M. 

H 

" 

400,000  C.  M. 

H 

" 

or  n 

" 

450.000  C.  M. 

li 

" 

500,000  C.  M. 

li 

" 

600,000  C.  M. 

li 

" 

or  2 

" 

700,000  C.  M. 

2 

" 

800,000  C.  M. 

2 

" 

900,000  C.  M. 

2 

1,000,000  C.  M. 

2 

" 

or  2i 

" 

1,500,000  C.  M. 

2i 

1,700,000  C.  M. 

3 

" 

2,000,000  C.  M. 

3 

" 
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lAlU  I.    Ill 
I  wo  Wires  iti  One  Cunduit 


SUSE  \\!                         ~     ti. 

LOKICATtI)   Ct 

NDUIT.  Un'LISEU:     U     i»     Wll,^ 

No.  14 

1 
or 

inch. 

•'     12 

h 

ii'cli 

"     10 

i 

"       8 

1 

"       6 

1 

"       5 

1 

" 

or  li 

"       4 

li 

"       3 

H 

"       2 

li 

'• 

or  U 

"       1 

U 

"      0 

•i 

"      00 

n 

'• 

or  2 

"       000 

•  > 

"      rK)oo 

•) 

2.")<).(MMI  ('.   M. 

o 

" 

or  2* 

:«X).(MX)  c.  M. 

2* 

3-.(),000  (".  M. 

2i 

■miooo  ('.  M. 

2i 

" 

or  .3 

4.")n.(KH)  C.  M. 

3 

nflO.fUK)  (".  M. 

3 

(M)0.()(X)  C.  M. 

3 

700,000  (•.  M. 

3 

TABl.H  IV 
Three  Wires  in  One   Conduit 


SlZK  WiBB 

B.&S.G 

outside 

Center 

\o.    14 

No. 

12 

,._, 

10 

••       10 

" 

,s 

"          ') 

I 

3 

[] 

■> 

1 

0 

1 

.i 

2/0 
3/0 

0 

" 

1    '0 

"      2/0 

2."iO 

M. 

"     3/0 

31 M) 

M. 

"      I/O 

KM) 

M 

2.'>0  M. 

I.Vt 

M 

2.VI  M. 

.V  M ) 

M. 

.■«M)  M. 

I'MH) 

M. 

3.'-,0  M. 

71  M) 

M 

KM)   M. 

K<HI 

M 

•l.'iO  M. 

tMN) 

M 

LoKirAT»;i>   Tuni:.    I'm.inmi 

1)      1»     WlKK 


1 
1 

li 
li 

1}    itii-h  <ir  \l> 

Ij 
li       '■      or  2 


}  inch 


-•i 


or  2i 
-'J 
-•i 

..r  3 
3 
3 
.3 
.3 
3 


18 


ELECTRIC  WIRING 


using  these  tables,  for  the  reason  that  the  sizes  of  conductors  which 
may  be  safely  installed  in  any  run  of  conduit  depend,  of  course,  upon 
the  length  of  and  the  number  of  bends  in  the  run.  The  tables  are 
based  on  average  conditions  where  the  run  does  not  exceed  90  to  100 
feet,  without  more  than  three  or  four  bends,  in  the  case  of  the  smaller 
sizes  of  wires  for  a  given  size  of  conduit;  and  where  the  run  does  not 
exceed  40  to  50  feet,  with  not  more  than  one  or  two  bends,  in  the  case 
of  the  larger  sizes  of  wires,  for  the  same  sizes  of  conduit. 

Unlined  conduit  can  be  bent  without  injury  to  the  conduit,  if  the 
conduit  is  properly  made  and  if  proper  means  are  used  in  making  the 
bends.  Care  should  be  exercised  to  avoid  flattening  the  tube  as  a  result 
of  making  the  bend  over  a  sharp  curve  or  angle. 

In  installing  iron  conduits,  the  conduits  should  cross  sleepers  or 
beams  at  right  angles,  so  as  to  reduce  the  amount  of  cutting  of  the 
beams  or  sleepers  to  a  minimum. 

"\\Tiere  a  number  of  conduits  originate  at  a  center  of  distribution, 
they  should  be  run  at  right  angles  for  a  distance  of  two  or  three  feet 
from  the  cut-out  box,  in  order  to  obtain  a  symmetrical  and  workman- 
like arrangement  of  the  conduits,  and  so  as  to  have  them  enter  the 
cabinet  in  a  neat  manner.  While  it  is  usual  to  use  red  or  white  lead 
at  the  joints  of  conduits  in  order  to  luake  them  water-tight,  this  is 
frequently  unnecessary  in  the  case  of  enameled  conduit,  as  there  is 
often  sufficient  enamel  on  the  thread  to  make  a  water-tight  joint. 

When  iron  conduits  are  installed  in  ash  concrete,  in  Keene 
cement,  or,  in  general,  where  they  are  subject  in  any  way  to  corrosive 
action,  they  should  be  coated  with  asphaltum  or  other  similar  protec- 
tive paint  to  prevent  such  action. 

^Miile  the  cost  of  circuit  work  run  in  iron  conduits  is  usually 
greater  than  any  other  method  of  wiring,  it  is  the  most  permanent 
and  durable,  and  is  strongly  recommended  where  the  first  cost  is  not 
the  sole  consideration.  This  method  of  wiring  should  always  be 
used  in  fireproof  buildings,  and  also  in  the  better  class  of  frame  build- 
ings. It  is  also  to  be  recommended  for  exposed  work  where  the  work 
is  liable  to  disturbance  or  mechanical  damage. 

Wires  Run  in  Flexible  Metal  Conduit.  This  form  of  conduit, 
shown  in  Fig.  2,  is  described  by  the  manufacturers  as  a  conduit  com- 
posed of  "concave  and  convex  metal  strips  wound  spirally  upon  each 
other  in  such  a  manner  as  to  interlock  several  concave  surfaces  and 
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Fit;.  2.    l'K-xUilo.si.-.-u;..uilult. 
Vourteiy  of  Sterlinfi  EUclrie  Co.,  Trov.  y.  T. 


present  tlieir  convex  surfaces,  Inttli  exterior  and  interior,  tlierel)y 
seeuring  a  smooth  an<l  comparatively  frictionle.s.s  surface  ii.siile  and 
out." 

The  field  for  the  use  of  this  f(jrm  of  conduit  is  rapidly  increiising. 
Owing  to  its  [lexil)ility,  conduit  of  this  tyjM-  can  Im-  iisnl  in  numerous 
eases  where  the 
rigiil  conduit 
could  not  |M)ssi- 
I)  1  y  he  e  m  - 
ployed.  Its  u.se 
is  to  Ix;  recom- 
niemietl  above 

all  the  other  fonns  of  wiring,  except  that  ins(alle<l  in  rigid  c<)riduits. 
For  new  fireproof  buildings,  it  is  not  so  durable  as  the  rigid  conduit, 
ln'cause  not  so  wafer-tight;  and  it  is  ver}'  difTicult,  if  not  imjxissible, 
to  obtain  as  workmanlike  a  condu't  system  with  the  flexible  as  with  the 
rigid  tyjH."  of  conduit.  For  completed  or  old  fnime  buiklings,  however, 
the  use  of  the  flexible  conduit  is  .superior  to  all  other  fonns  of  wiring. 

Table  V  gives  the  inside  diameter  of  various  sizes  of  fk-xible  con- 
duit, and  the  lengths  of  tandard  coils.  inside  diameter  of  this 
conduit  is  the  same  as  that  of  the  rigid  conduit;  and  the  table  given 
for  the  maximum  sizes  of  conductors  which  may  Ix.'  instalktl  in  the 
various  sizes  of  conduits,  may  Ix;  use<l  also  for  flexible  steel  conduits, 
except  that  a  little  more  margin  should  Ir-  allowiii  for  flexible  steel 
conduits  than  for  the  rigid  conduits,  as  the  stillness  of  the  latter  makes 
it  jxjssible  to  pull  in  slightly  larger  sized  conductors. 

TABLE   V 
(irccnficid  riexible  Steel  Conduit 


Inbidi:   Diameter 

AmioxiM  iTi:  KK>rr  in  Con. 

A  inch 

200 

:        " 

2(H) 

100 

" 

50 

1 

50 

1^     inclieK 

50 

li 

50 

•2 

Rnndoin  LciiKtlu 

•21, 
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This  conduit  should,  of  course,  be  first  installed  without  the  con- 
ductors, in  the  same  manner  as  the  rigid  conduit.  Owing  to  the 
flexibility  of  this  conduit,  however,  it  is  absolutely  essential  to  fasten 
it  securely  at  all  elbows,  bends,  or  offsets;  for,  if  this  is  not  done,  con- 
siderable difficulty  will  be  ex- 
perienced in  drawing  the  con- 
ductors in  the  conduit. 

The  rales  governing  the  in- 
stallation of  this  conduit  are 
the   same    as    those  covering 
rigid  conduits.  Double-braided 
Fig.  3.  Use  of  Elbow  Clamp  for  Fastening  Flex-  Conductors  are  required,  and 

Itile  Conduit  in  Place.  ,  i     •,    i         111  1     , 

the  conduit  should  be  grounded 
as  required  by  the  Code  Rules.  As  already  stated,  the  conduit  should 
be  securely  fastened  (in  not  less  than  three  places)  at  all  elbows;  or 
else  the  special  elbow  clamp  made  for  this  purpose,  shown  in  Fig.  3, 
.should  be  used. 

In  order  to  cut  flexible  steel  conduit  properly,  a  fine  hack  saw 
should  be  employed.  Outlet-boxes  are  required  at  all  outlets,  as  well 
as  bushing  and  wires  to  rigid 
conduit.  Fig.  4  shows  a  coil 
of  flexible  steel  conduit.  Figs. 
5,  6,  and  7  show,  respectively, 
an  outlet  box  and  cover,  outlet 
plate,  and  bushing  used  for  this 
conduit. 

Armored  Cable.  There 
are  many  cases  where  it  is  im- 
possible to  install  a  conduit 
system.  In  such  cases,  prob- 
bably  the  next  best  results  may 
be  obtained  by  the  use  of  steel 
armored  cable.  The  rules  gov- 
erning the  installation  of  armored  cable  are  given  in  the  National 
Electric  Code,  under  Section  24-A,  and  Section  48;  also  in  24-S.  This 
cable  is  shown  in  Fig.  8. 

Steel  armored  cable  is  made  by  winding  formed  steel  strips  over 
the  insulated  conductors.    The  steel  strips  are  similar  to  those  used 


Fig.  4.  A  100-Foot  Coll  of  FlexibU-  Stei-l  Conduit. 
Courtesy  of  Sprague  Electric  Co.,  New  York,  N.  Y. 
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for  the  steel  coiuliiit.     Car*'  is  taken  in  forming  the  <al»le,  to  avoid 
cnisliinj;  or  abniiiiing  the  insulation  on  the  eoniluctors  us  the  steel 


■♦   o 


^ 


»♦:    ^ 


Fig.  5.    Outlet  Uox  for  Flexible  Steel  C- 


strips  are  fol  ami  foriiinl  over  the  same.     In  the  process  of  manufac- 
ture, the  spools  of  steel  ribbon  are  of  irregular  length,  ami  when  a 


^Q^ 


F1k'-«.    Outlet  Plato  for  Flexible  Steel  FlR.  7.    Otitlet  nushlnp. 

Conduit.  f'i)ur(f»i/of  SprtiijunH^fctric  C»..\rirYort,  .V.  F. 

?p«»ol  is  emj)ty,  the  machine  is  sloppfd,  and  the  ribbon  is  slartnl  on 
the  iir\t  spool,  the  prtx'ess  U-iiig  eonlimied.     There  is  no  rea.^m  whv 


PlR.  f».    Fli'xl»»l«  AnnonNi  Cmblo.    Twin  Oondiiotorm. 
CourlfMj/  of  SjiriKjHf  Ktrclric  Co.,  S'rw  York,  .V.   1*. 

the  (onduit  cables  could  not  U-  m.-.de  of  any  length;  but  their  actual 
lengths  as  made  are  determinetl  by  conveiiien.-c  in  hainlling.     Arini>n\i 
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cable  is  made  in  single  conductors  from  No.  1  to  No.  10  B.  &  S.  G.; 
in  twin  conductors,  from  No.  6  to  No.  14  B.  &  S.  G.;  and  three-conduc- 
tor cable,  from  No.  10  to  No.  14  B.  &  S.  G.  Table  VI  gives  various 
data  relating  to  armored  conductors: 

TABLE  VI 
Armored  Conductors — Types,  Dimensions,  Etc. 


Size 

Outside 

B.&S 

Type  and  Number  of  Conductobs 

Diameter 

Gauge 

(.Inches) 

No.  14 

BXt 

win  conductor 

.63 

"      12 

" 

"              " 

.685 

"      10 

" 

1!                            It 

.725 

"      8 

" 

"                             " 

.875 

"      6 

" 

U                          It 

1.3125 

"     14 

BM  t 

5vin  conductor  (for  marine  work 

— ship 

wiring) 

.725 

"     12 

" 

"               " 

.725 

"     10 

" 

"              " 

.73 

"     14 

BX3  three  conductor 

.71 

"     12 

" 

"               " 

.725 

"     10 

" 

"               " 

.73 

"     14 

BXL  twin  conductor,  leaded 

.725 

"     12 

" 

"               "                 " 

.725 

"     10 

" 

"              "                 " 

.87 

"     14 

BXL3  three  conductor,  leaded 

.90 

"     12 

" 

"               "                 " 

.90 

"     10 

" 

"               "                  " 

.94 

"    10 

Type 

D  single  conductor,  stranded 

.550 

"      8 

"        "              "                  " 

.550 

"      6 

" 

"        "              "                  " 

.575 

"      4 

" 

((        It             It                 It 

.700 

"      2 

" 

"       "              "                  " 

.900 

"       1 

" 

"        "              "                  " 

.965 

"    10 

Type 

DL  single  conductor,  stranded, 

leaded 

.625 

"      8 

"        "              "                   " 

" 

.710 

"      6 

" 

"        "              "                   " 

II 

.700 

"      4 

" 

"        <'              "                   " 

« 

.760 

"      2 

" 

"        "               '                   " 

" 

.920 

"       1 

It        It             tt                   It 
Steel  Armored  Flexible 

Cord 

.910 

"     18 

Type 

E  twin  conductor 

.40 

"    16 

"      "              " 

.40 

"     14 

It 

"      "              " 

.47 

"     18 

Type 

EM  twin  conductor,  re-inforced 

.575 

"     16 

"             "                    " 

.585 

"     14 

"        " 

.595 

In  Table  VI,  Tvpes  D  (single),  BX  (twin),  and  BX3  (3  conduc- 
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tors)  art'  iiriiioml  tal>U'  a«la|>titl  for  onliiiary  imliHjr  work.  Tvj)e 
HM  (twin  t  OIK  I  actors)  is  adaptnl  for  niariiie  wiriiii^.  'rv|K\s  DL 
(single),  HXL  (twin),  ami  HXL  A  i'i  conduttors)  have  the  wnductors 
lra(l-encase<l,  with  the  steel  armor  outside,  and  are  t'>j»f«ially  adapte«l 
ft)rdanij)  plates,  such  as  l)reweries,  stables,  and  similar  places. 

Tvpe  K  is  ustHJ  for  llcxihle-cord  pendants,  and  is  suitahle  for 
factories,  mills,  show  windows,  and  other  similar  places.  Tvpt*  KM 
is  the  .siime  as  Tvpe  K;  hut  the  tlcxihlc  cord  is  rcinforcetl,  an«l  is  suit- 
able for  marine  work,  for  use  in  <l;iiiip  i>l;i(c>,  and  in  all  cases  where  it 
will  Ik-  subject  to  verA'  roui,'h  handling;. 

While  this  form  of  wiring'  has  not  the  ailvanta;,'e  of  the  conduit 
svstem — namely,  that  the  wires  can  lie  withdniwn  and  new  wires 
njserte<l  without  disturbini,'  the  buildinj,'  in  anyway  whatever — yet  it 
has  inanv  of  theadvanta<,'es  of  the  flexible  steel  conduit,  and  it  has 
some  adtlitional  a<lvanta^'es  of  its  own.  For  example,  in  a  building 
alreadv  erecte<l,  this  cable  can  be  lished  between  the  fh)ors  and  in  the 
partition  walls,  where  it  would  l>e  impossible  to  install  either  rigiil 
conduit  or  ilexible  steel  conduit  without  disturbing  the  il(K)rs  or 
walls  to  an  extent  that  woidd  be  objectionable. 

Armored  conductors  .shoidd  be  continuous  from  outlet  to  outUt, 
without  l)eing  spliced  and  installed  on  the  loop  system.  Outlet  Ikkxcs 
should  be  iiistalleil  at  all  outlets,  although,  where  this  is  imjH).ssible, 
outlet  plates  may  be  used  imder  certain  conditions.  Clamps  .slu)uld 
Ik-  proviiled  at  all  outlets,  .switch-bo.xes,  jvmetion-l)oxes,  etc.,  to  hoUl 
the  cable  in  place,  and  also  to  svr\v  as  a  means  of  grounding  the  steel 
sheathing. 

Armored  cable  is  le.ss  exjH'Usive  than  the  rigid  coutluit  or  the 
flexible  steel  conduit,  but  more  expensive  than  cleat  wiring  or  knob 
and  tulie  wiring,  and  is  strongly  recoiumendeil  in  preference  to  the 
latter. 

WIRIISRIN  IN  MOl  I  niNd 

Moidding  is  ver>'  extensively  use«l  for  i'le«tric  circuit  work,  in 
extending  circuits  in  Imildings  whiih  h.ive  already  Ix'en  wiretl,  antl 
also  in  wiring  buildings  which  were  not  providttl  with  eh'ctrie  circuit 
work  at  the  time  of  their  erection.  'The  n-asoii  for  the  |Mipularily  of 
moidding  is  that  it  furnishes  a  convenient  and  fairly  gxH>d-l<H>king 
mnwiiy  for  the  wires,  and   pn)tects  (hem   from   mechanical  injury. 
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It  seems  almost  unwise  to  place  conductors  carrying  electric  current, 
in  wood  casing;  but  this  method  is  still  permitted  by  the  National 
Electric  Code,  although  it  is  not  allowed  in  damp  places  or  in  places 

where  there  is  liability  to  damp- 


ness,  such  as  on  brick  walls, 
in  cellars,  etc. 

The  dangers  from  the  use  of 
moulding  are  that  if  the  wood 
becomes  soaked  with  water, 
there  will  be  a  liability  to  leak- 


Fig.  9.    Two-Wire  Wood  Moulding 


age  of  current  between  the  conductors  run  in  the  grooves  of  the  mould- 
ing, and  to  fire  being  thereby  started,  which  may  not  be  immediately  dis- 
covered. Furthermore,  if  the  conductors  are  Overloaded,  and  conse- 
quently overheated,  the  wood  is  likely  to  become  charred  and  finally  ig- 
nited. Moreover,  the  moulding  itself  is  always  a  temptation  as  affording 
a  good  "round  strip"  in  which  to  drive  nails,  hooks,  etc.  However,  the 
convenience  and  popularity  of  moulding  cannot  be  denied;  and  until 
some  better  substitute  is  found,  or  until  its  use  is  forbidden  by  the 
Rules,  it  will  continue  to  be  used  to  a  very  great  extent  for  running 
circuits  outside  of  the  walls  and  on  the  ceilings  of  existing  buildings. 
Figs.  9, 10, 11,  and  12  show  two- and  three-wire  moulding  respectively; 
and  Table  VII  gives  complete  data  as  to  sizes  of  the  moulding  required 
for  various  sizes  of  conductors. 

Wliile  the  Rules  recommend  the  use  of  hardwood  moulding,  as  a 
matter  of  fact  probably  90  per  cent  of  the  moulding  used  is  of  white- 
wood  or  other  similar  cheap,  soft  wood.    Georgia  pine  or  oak  ordinarily 
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Fig.  10.    Two- Wire  Wood  Mouldiug. 


costs  about  twice  as  much  as  the  soft  wood.  In  designing  moulding 
work,  if  appearance  is  of  importance,  the  moulding  circuits  should 
be  laid  put  so  as  to  afford  a  symmetrical  and  complete  design.     For 
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exariiplf,  if  :m  oiitlfl  i>  Ui  l>«"  iDcatnl  in  tin-  center  of  tli«'  cfiliiif;, 
the  iiioiildiii;;  slioiilil  Ih-  coiitiiiiutl  from  wall  to  wall,  the  jxirtioti  U'vorxl 
(lif  oiitlft,  of  course,  liaviiij;  no  coiuliutors  iiisidt*  of  tlu"  iiioultliii^. 
If  four  outlets  arc  to  Ih'  placet!  on  the  ceilini;.  the  r**ctanf^le  of  moulding 
should  l»c  complete*!  on  tlie  fourtli  side,  altlunif^li,  of  cour-^-.  no  con- 
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Fit,'.  H.    Throe -wire  Wood  MouIiUuk. 

ductors  need  he  placei!  in  this  portion  of  the  moulding;.  Doin;;  tliis 
increases  the  cost  l>nt  little  and  adds  (greatly  to  the  apj>eanince. 

Moulding;  is  fre(|uently  use<l  in  combination  with  (»ther  metlnMls 
of  wirinj:,  inchidiuLT  armored  cahlc,  fle.\il)le  steel  tul)in<;,  and  fihrous 
tuhini;.  In  inanv  instances,  it  is  possible  to  fish  tubinj;  In'twix-n 
U'ams  or  studs  rmminj;  in  a  certain  direction;  but  when  the  conduc- 
tors are  to  run  in  another  direction  or  at  ritrlit  an^jles  to  the  iK-ams  or 
studs,  exposnl  work  is  neci'ssary.  In  .such  cases,  a  junction-lM>.\  or 
outlet-bo.x  must  lie  jilaced  at  the  point  of  connection  iK'tween  the 
ninulilin;;  and  the  armored  cable  or  steel  tubinj;. 

Where  circuits  are  run  in  moulding,',  and  pass  throu<^h  the  floor, 
additional  protection  must  be  provided,  as  re(|uiri'd  by  the  dtdr  Units, 
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to  jinili'ct  the  niouldinj;.  As  a  rule,  it  is  better  to  use  conduit  for  all 
jHirlions  of  moulding  within  six  feet  of  tlu*  lltMir,  ,s4i  as  to  avoid  the 
|M>ssibility  of  injury  to  the  circuits.  Where  a  combination  of  inm 
londuit  or  llexible  steel  tiibin;^'  is  used  with  mouldinj^',  it  is  \\«-ll  to  um* 
double-braided  ctMidnctors  throuj^hout,  becau.se.  although  only  singU'- 
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TABLE  VII 
Sizes  of  Mouldings  Required  for  Various  Sizes  of  Conductors 
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braided  conductors  are  required  with  moulding,  double-braided  con- 
ductors are  required  with  unlined  conduit,  and  if  double-braided  con- 
ductors were  not  used  throughout,  it  would  be  necessary  to  make  a 
joint  at  the  outlet-box  where  the  moulding  stopped  and  the  conduit 
work  commenced.  WTiere  the  conductors  pass  through  floors,  in 
moulding  work,  and  where  iron  conduit  is  used,  the  inspection  authori- 
ties, in  order  to  protect  the  wire,  usually  require  that  a  fibrous  tubing 
be  used  as  additional  protection  for  the  conductors  inside  of  the  iron 
pipe,  although,  if  double-braided  wire  is  used,  this  will  not  usually  be 
required.  Fig.  13  shows  a  fuseless  cord  rosette  for  use  with  moulding 
work.     Fig.  14  shows  a  device  for  making  a  lay  in  moulding  wiring. 

Moulding  work,  under  ordinaiy  conditions,  costs  about  one-half 
as  much  as  circuit  run  in  rigid  conduit,  and  about  75  per  cent,  under 
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onliiiarv  conditions,  of  tlu-  tt).st  «»f  arniort**!  cahlt-.  ^VIlt•re  the  latter 
iimiIkmI  of  wiring  or  the  (•on(hiit  system  i-aii  Ih.*  eniployeil,  one  or  tne 
othtT  of  these  two  nietliixls  should  Ix*  used  in  prefen-nce  to  ni<julding, 


Fit;.  I!     Fu~.  1.  ss  ronl  Fig.  H.    Device  for  Making" 'Tap"  In 

Rosetle.  MmiUllug. 

Courtffy  of  Crou't-TTinrit  Co..  Courteny  of  II.  T.  Pat  fie  O., 

iSjfra'cutf,  -V.  1'.  /'fiiUidtlpfiia,  I'a. 

lis  the  work  is  not  only  more  siihstantial,  hiit  also  sjifer.  \  arious  forms 
of  iiu'tal  monldiiig  have  l)een  introduced,  but  uj)  to  the  presi-nt  time 
have  not  met  with  the  success  which  they  deserve. 

CONCEAl.l.DKNOl'.  ANDTl  in.  W  IRINU 

This  meth(Ml  of  wiring  is  .still  allowed  hy  the  Xatiotial  Electric 
Cotlr,  although  many  vigorous  attempts  have  In-en  ma«le  to  have  it 
nlH)lished.  Each  of  the.sc  attempts  lias  met  with  the  strongest 
opposition  from  contractors  and  centnd  stations,  particularly  in  small 
towns  and  villages,  the  argument  for  this  method  U-ing,  that  it  is  the 
cheajx'st  metluKl  of  wiring,  and  that  if  it  were  forhitlden,  many  j)la(vs 
which  are  wire<l  ac<'ording  to  this  metluMl  wouhl  not  \yc  wiretl  at  all, 
aixi  the  use  of  electricity  would  therefore  U'  much  restrictetl,  if  not 
entirelv  done  away  with,  in  such  communities.  This  argument,  lu)W- 
ever,  is  only  a  temponiry  makeshift  ohstmction  in  the  way  of  inevitahle 
progress,  and  in  a  few  years,  undoulitcdly,  the  ct»n<-eale«l  kiioh  and 
tuU-  methcxl  will  Ik*  forhidden  liy  the  Xalional  KlrclricCtxlr. 

The  cost  of  wiring  actonling  to  this  method  is  aUmt  one-thinl 
of  the  cost  (<f  circuits  run  in  rigid  conduit,  and  alM)iit  nnc-half  of  the 
cost  of  •  ill  nils  nin  in  armoretl  <:ablc.    The  latter  methml  of  wirin|» 
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is  rapidly  replacing  knob  and  tube  wiring,  and  justly  so,  wherever 
the  additional  price  for  the  latter  method  of  wiring  can  be  obtained. 
As  the  name  indicates,  this  method  of  wiring  employs  porcelain  knobs 


Fig.  15.    Knob  and  Tube  Wiring. 

and  tubes,  the  circuit  work  being  run  concealed  between  the  floor  beams 
and  studs  of  a  frame  building.  The  knobs  are  used  when  the  circuits 
run  parallel  to  the  floor  beams;  and  the  porcelain  tubes  are  used  when 
the  circuits  are  run  at  right  angles  to  the  floor  beams. 

Fig.  15  shows  an  example  of  knob  and  tube  wiring.  In  concealed 
knob  and  tube  wiring,  the  wires  must  be  separated  at  least  ten  inches 
from  one  another,  and  at  least  one  inch  from  the  surface  wired  over, 
that  is,  from  the  beams,  flooring,  etc.,  to  which  the  insulator  is  fas- 
tened. Fig.  16  shows  a 
good  type  of  porcelain 
knob  for  this  class  of 
wiring.  For  knob  and 
tube  wiring,  it  will  be 
noted  that,  owing  to  the 
fact  that  the  wiring  is 
concealed,  the  conductors 
must  be  kept  further  apart  than  in  the  case  of  exposed  or  open  Aviring 
on  insulators,  where,  except  in  damp  places,  the  wires  may  be  run  on 
cleats  or  on  insulators  only  one-half  inch  from  the  surface  wired  over. 


Pig.  1(3.     Porcelain  Knob. 
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I  ibmiis  luhiiiii.  I'il. lulls  tuhiiij,'  is  fre«|iieiitly  iistnl  with  kiioh 
ami  tuln.'  wiriii;^,  ami  tin-  rfjinlatiiMis  f^ovfrniiif^  its  use  are  pven  in 
Ruir  I'l,  StH-tion  S,  of  llie  XaliiPiKil  KUclric  CimIc.  Tliis  tuhii)^,  as 
statitl  in  this  /f»/«',niay  Ik.'  use<I  wIhtc  it  is  itn|KJS.sil)leanii  iiiiprac-tiaihle 
to  employ  kiiohs  an<i  tiiln's,  providetl  the  (liifererii-e  in  |)otetitial 
between  the  wires  is  not  over  iiOO  volts,  and  if  the  wires  are  niJt  .sul>- 


riij.  17.    Flexible  Tubing.  ••Flexauct"  Type. 
Courtety  of  \ational  Metal  iloUling  Co.,  IHlttburg,  I'a. 


jeot  to  moisture.  The  cost  of  wirin<;  in  fle.xihle  fil)roii.s  tuhinjj  is 
approximately  ahoiit  the  .same  as  the  cost  of  knoh  and  tnl>e  wiring. 
Duplex  conductors,  or  two  wires  together  arc  not  allowed  in  fibrous 
tubing. 

Fil)rous  tubing  is  re(|iiin'd  at  all  outlets  when-  conduit  or  armored 
cable  is  not  u.se(I  (as  in  knob  ami  tube  wiring) ;  ami,  as  re(|uired  bv  the 
RuUn,  it  must  extend  liack  from  the  last  j)orcclain  su|)port  to  one  inch 
K-yoiiil  the  outlet.     Fig.  17  shows  one  make  of  fibrous  tubing. 

'la  1  ill-  \  III  gives  tlie  maximum  sizes  of  conductors  (doiible- 
braidcilj  which  may  Ik'  installed  in  fibrous  conduit. 

TABLl-  VIII 
Sizes  of  Conductors  in  !  itirous  Conduit 
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WIRES  RUN  EXPOSED  ON  INSULATORS 

This  method  of  wiring  has  the  advantages  of  cheapness,  durabiUty, 
and  accessibihty. 

Cheapness.  The  relative  cost  of  this  method  of  wiring  as  com- 
pared with  that  of  the  concealed  conduit  system,  is  about  fifty  per  cent 
of  the  latter  if  rubber-covered  conductors  are  used,  and  about  forty 
per  cent  of  the  latter  if  weatherproof  slow-burning  conductors  are  used. 
As  the  Rules  of  the  Fire  Underwriters  allow  the  use  of  weatherproof 
slow-burning  conductors  in  dry  places,  considerable  saving  may  be 
effected  by  this  method  of  wiring,  provided  there  is  no  objection  to  it 


Fig.  1p.    Large  Feeders  Run  Expose*  on  Insulators. 

from  the  standpoint  of  appearance,  and  also  provided  that  it  is  nt-t 
liable  to  mechanical  injury  or  disarrangement. 

Durability.  It  is  a  well-known  fact  that  rubber  insulation  has  a 
relatively  short  life.  Inasmuch  as  in  this  method  of  wiring,  the  insula- 
tion does  not  depend  upon  the  insulation  of  the  conductors,  but  on 
the  insulators  themselves,  which  are  of  glass  or  porcelain,  this  system 
is  much  more  desirable  than  any  of  the  other  methods.  Of  course, 
if  the  conductors  are  mechanically  injured,  or  the  insulators  broken, 
the  insulation  of  the  system  is  reduced ;  but  there  is  no  gradual  dete- 
rioration as  there  is  in  the  case  of  other  methods  of  wiring,  where 
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nihU'r  isiU'jHMuinl  ii|><iii  for  liisiilatioii.  This  isespet-ially  (nie  in  hut 
j)la(ts,  particularly  wlu-n-  tin-  tftiipfratiirt'  is  I2()°  V.  or  aJKne.  F<jr 
such  cases,  the  weatherproof  slow-huriiiii^  conductors  on  j»orifIaiii 
or  glass  insulators  are  es[x.'cially  recoinnjeiuieti. 

Accessibility.    The  conductors  heirif,'  run  exj>osiil,  ihev  niav  l>e 
ri'adily  njiaircd  or  removed,  or  connections  may  Ix"  made  to  the  sjiine. 

This  meth(j(l  of 
wiring  is  es|H'cially 
recoinmende*!  for 
mills,  factories,  ami 
for  large  <tr  long 
feeder  c«jn<luctors. 
Fig.  IS  shows  ex- 
amples of  e.\pose<l 
large  feeiler  con- 
ductors, installed  in  the  New  York  Life  Insurance  Building,  New 
Vork  City.  For  small  conductors,  up  to  .say  No.  ('»  B.  &  S. 
Gauge  each,  porcelain  cleats  may  he  use<l  to  support  one,  two, 
or    three    conductors.    j)r()vii!iil    ihc   distance    between    the   conduc- 


FlK.  19.    Tw.)-Wlr.-  Cli-al. 
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tors  is  at  least  2'  inches  in  a  two-win-  system,  and  '2\  inches 
Ix'tween  the  two  outside  conductors  in  a  three-wire  .system  where  the 
{)otential  hetween  the  outsiih-  comluctors  is  not  over  ;UKI  volts.  The 
cleat  must  hol«l  the  wire  at  least  one-half  iiu-h  fnim  the  surface  to  which 
the  cli'at  is  fiistenetl;  and  in  damp  places  the  win*  nuist  Ik*  lu'ld  at 
least  one  inch  from  the  surface  winxl  over.  'For  larger  ex)iuluctors, 
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from  No.  6  to  No.  4/  OB.  &  S.  Gauge,  it  is  usual  to  use  single  porcelain 
cleats  or  knobs.     Figs.  19  and  20  show  a  good  form  of  two-wire 


Pig.  22.    Iron  Rack  and  Insulators  for  Large  Conductors. 

Courtesy  of  General  Electric  Co.,  Schenectady,  N.  Y. 


cleat  and  single-wire  cleat,  respectively. 

For  large  feeder  or  main  conductors 
from  No.  4/0  B.  &  S.  Gauge  upward,  a 
more  substantial  form  of  porcelain  insu- 
lator should  be  used,  such  as  shown  in 
Fig.  21.  These  insulators  are  held  in 
iron  racks  or  angle-iron  frames,  of  which 
two  forms  are  shown  in  Figs.  22  and  23. 
The  latter  form  of  rack  is  particularly  de- 
sirable for  heavy  conductors  and  where  a 
number  of  conductors  are  run  together. 
In  this  form  of  rack,  any  length  of  con- 
ductor can  be  removed  without  disturb- 
ing the  other  conductors. 

As  a  rule,  the  porcelain  insulators 
should  be  placed  not  more  than  4^  feet 
apart;  and  if  the  wires  are  liable  to  be 
disturbed,  the  distance  between  supports 
should  be  shortened,  particularly  for  small 
conductors.  If  the  beams  are  so  far 
apart  that  supports  cannot  be  obtained 
every  42-  feet,  it  is  necessaiy  to  provide  a 
running  board  as  shown  in  Fig.  24,  to 
which  the  porcelain  cleats  and  knobs 
can  be  fastened.  Figs.  25  and  26  show 
two  methods  of  supporting  small  con- 
ductors,   Fcr  conductors  of  No.  8  B.  &  S. 
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Fig.  23.    Elevation  and  Plan  of 
Insulators  Held  in  Angle- 
Iron  Frames. 
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(Iau<,t',  or  over,  it  is  not  necessim'  to  hreak  aroiiiul  the  l>fain.s,  provided 
tlifv  arr  not  lialilt-  to  U-  disturUMl ;  Init  tla*  siipjxirts  may  U*  j)lacf<I  on 
facli  iH-aiii. 

Where  the  dis- 
taiue  l)et\veeu  the 
.supjHjrts,  liowever, 
is  greater  than  4.\ 
feet,  it  is  usually 
necessiir^-to  provide 

internietliate  sup-  ^1^.2^.  insulators  Mour'tecl  on  nunnlngBoarJ  aiross  wide- 
ports,    as   shown    in  S,,aceU  Ueaiu.v 

Fig.  27,  or  else  to  provide  a  nimiiiig-lR)artl.  Another  iiietluxl  whiih 
may  l>e  used,    where    heains   are    further   tiian  4\  feet   ajMirt,  is  to 
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Fit'-  2o.     Methuil  of  SiiiiporlInK  Small  ConJuctors. 
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Kit;. 'JT.     Int<Tini(llati'  Supp.irt  for  C'liuliu'tor  Ih'Iwo.'h  Wlili'Spaif.l  n<Min^ 

mil   a    iiiaiii    along    llie   wall  at    right   angles  to   the   iH'ams,  and   to 
have  the  individual  ciniiits  nni   lietween  and  pandlel  to  the  lK*anis. 
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FIk.  M.     Mrtlio,!  of  Suii|H.rtliiK'  n  Small 
Coljilui-tor. 


I-'Ik.  2H.    Conrlueton*  l»rot«vt««j  bv  Wix^lcn 
(iiiurU'SlrlpH  on  Low  (Vlltui;. 


In  Iow-<'eiliiig  rooms,  where  the  conductors  are  liahle  to  injur}', 
it  is  Usually  rccjuired  that  a  wooiK-n  guanl  striji  U-  pla«'e»l  on  each  side 
of  the  ('ondnctors,  as  shown  in  Kig.  2S. 

Where  the  conductors  pass  through  jtartilions  or  walls,  they  must 
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be  protected  by  porcelain  tubes,  or,  if  the  conductors  be  of  rubber,  by 
means  of  fibrous  tubing  placed  inside  of  iron  conduits. 

All  conductors  on  the  walls  for  a  height  of  not  less  than  six  feet 
from  the  ground,  either  should  be  boxed  in,  or,  if  they  be  rubber-covered, 
should  (preferably)  be  run  in  iron  conduits;  and  in  conductors  having 
single  braid  only,  additional  protection  should  be  provided  bymeans  of 
flexible  tubing  placed  inside  of  the  iron  conduit. 

^Vllere  conductors  cross  each  other,  or  where  they  cross  iron  pipes, 
they  should  be  protected  by  means  of  porcelain  tubes  fastened  with 
tape  or  in  some  other  substantial  manner  that  will  prevent  the  tubes 
from  slipping  out  of  place. 

TWO=WIRE  AND  THREE=WIRE  SYSTEMS 

As  both  the  two-wire  and  the  three-wire  system  are  extensively 
used  in  electric  wiring,  it  will  be  well  to  give  some  consideration  to  the 
advantages  and  disadvantages  of  each  system,  and  to  explain  them 
somewhat  in  detail. 

Relative  Advantages.  The  choice  of  either  a  two-wire  or  a  three- 
wire  system  depends  largely  upon  the  source  of  supply.  If,  for  ex- 
ample, the  source  of  supply  will  always  probably  be  a  120-volt,  two- 
wire  system,  there  would  be  no  object  in  installing  a  three-wire  system 
for  the  wiring.  If,  on  the  other  hand,  the  source  of  supply  is  a  120- 
240-volt  system,  the  wiring  should,  of  course,  be  made  three-wire. 
Furthermore,  if  at  the  outset  the  supply  were  two-wire,  but  with  a  pos- 
sibility of  a  three-wire  system  being  provided  later,  it  would  be  well 
to  adapt  the  electric  wiring  for  the  three-wire  system,  making  the 
neutral  conductor  twice  as  large  as  either  of  the  outside  conductors, 
and  combining  the  two  outside  conductors  to  make  a  single  conductor 
until  such  time  as  the  three-wire  service  is  installed.  Of  course,  there 
would  be  no  saving  of  copper  in  this  last-mentioned  three-wire  system, 
and  in  fact  it  would  be  slightly  more  expensive  than  a  two-wire  system, 
as  will  be  shortly  explained. 

The  object  of  the  three-wire  system  is  to  reduce  the  amount  of 
copper — and  consequently  the  cost  of  wiring — necessary  to  transmit  a 
given  amount  of  electric  power.  As  a  nde,  the  proposition  is  usually 
one  of  lighting  and  not  of  power,  for  the  reason  that  by  means  of  the 
three-wire  system  we  are  able  to  increase  the  potential  at  which  the 
current  is  transmitted,  and  at  the  same  time  to  take  advantage  of  the 
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S<)    lolK'        ^^'itll     i'ltJ- ^-    TUrco-Wlre  Sysu-in.  wiih  Noutnil  CouJucUir  U.LW. 
"■■  the  Two  Outside  CouJuutora. 


i^rt'uter  ffluieiu-y  of  tlif  lowrr  v(iliaj;t'  laiup.  If  «iirrtMit  for  jKJwer 
(motors,  t'tc.)  only  weri'  to  Ik-  transmittf*!,  it  woiilil  U*  a  .simple  matter 
to  wind  the  motors,  etc.,  for  a  liij^lier  volta^^e,  ami  tlierehy  ntliue  the 
weii,'l»t  of  copiRT. 
If,  however,  we  iii- 
erea.so  the  volta<;e 
of  lamps,  we  fiinl 
that  they  are  not  so 
eflicient,  nor  is  their 

thestandaril  carhon 
lamp,  it  has  been  found  that  the  L' Id-volt  lamp,  with  the  Siinie 
life,  retjuires  al)out  10  to  IJ  per  cent  more  cnrrent  than  the  cor- 
re.sjKjndin<;  ll20-volt  lamp.  FurthermoR»,  in  the  case  of  the  more 
efficient  lamps  recently  intr(Hlnce<l  Tsnch  as  the  Tantalum  lamp, 
Tun^'sten  lamp,  etc.),  it  has  been  fouiul  impracticable,  if  not  im[x»s- 
sible,  to  make  them  for  pressures  above  12.')  volts.  For  this  reason 
the  three-wire  system  is  employeil,  for  by  this  nicthiHl  we  can  use  210 
volts  across  the  outside  conductors,  and  by  the  use  of  a  neutral  con- 
ductor obtain  120  volts  between  the  neutnil  and  the  outside  condtutor, 
and  thereby  l)e  enabletl  to  use  120-volt  lamps.  Furthcrmnrc,  if  a 
240-volt  lamp  should  ever  beplace<l  on  the  market  that  wasasccoiutmi- 
cal  as  the  lower  voltage  lamp,  the  result  would  be  that  the  210-lsO- 
volt  svstem  would  be  intriKluciMl,  and   210-volt  Iam|)s  used.     As  a 

. m m matter  of  fact,  this 

I  r^  O  O  ''''^^    \^'vn    trie<l    in 

^11  .sevend    cities— and 

particularly  in 
3  O  Providence,   KluHle 

I  Island.     As  a  nde, 

l"lk'- »'•     I,.inii>s  ArniiiK''""!  In  l';ilrs  III  StTl""^.  DlsixMi.sliiK' \vi!!i       ht)We\'er,    the      12t»- 
Neefs.Hliy  for  Third  or  Nfutral  i'ouilui-tor. 

volt  lamp  has  Uhmi 
found  .so  much  more  .siitisfa<'tor)'  as  rci^anls  life,  ellicicncv,  etc.,  that 
it  is  nearly  always  employe<l. 

The  two-wire  .sy.stem  is  so  extremely  .simpK-  thai  no  explanation 
whatever  is  re(|uire«l  concerning  it. 

'I'he  three-wire  systt'in,  liowevi-,-.  is  somewhat  confusing,  aiio 
will  now   Se  consideri'd. 
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Details  of  Three-Wire  System.  The  three-wire  system  may  be 
considered  as  a  two-wire  system  with  a  third  or  neutral  conductor 
placed  between  the  two  outside  conductors,  as  shown  in  Fig.  29. 
This  neutral  conductor  would  not  be  required  if  we  could  always  have 
the  lamps  arranged  in  pairs,  as  shown  in  Fig.  30.  In  this  case,  the 
two  lamps  would  burn  in  series,  and  we  could  transmit  the  current 
at  double  the  usual  voltage,  and  thereby  supply  twice  the  number  of 
lamps  with  one-quarter  the  weight  of  copper,  allowing  the  same  loss 
in  pressure  in  the  lamps.  The  reason  for  this  is,  that,  having  the 
lamps  arranged  in  series  of  pairs,  we  reduce  the  current  to  one-half, 
and,  as  the  pressure  at  which  the  current  is  transmitted  is  doubled, 
we  can  again  reduce  the  copper  one-half  without  increasing  the  loss 
in  lamps.  We  therefore  see  that  we  have  a  double  saving,  as  the  cur- 
rent is  reduced  one-half,  which  reduces  the  weight  of  copper  one-half, 
and  we  can  again  reduce  the  copper  one-half  by  doubling  the  loss  in 
volts  without  increasing  the  percentage  loss.  For  example,  if  in  one 
case  we  had  a  straight  two-wire  system  transmitting  current  to  100 
lamps  at  a  potential  of  100  volts,  and  this  system  were  replaced  by  one 
in  which  the  lamps  were  placed  in  series  of  pairs,  as  shown  in  Fig.  30, 
and  the  potential  increased  to  200  volts — 100  lamps  still  being  used — 
we  should  find,  in  the  latter  case,  that  we  were  carrs'ing  current  really 
for  only  50  lamps,  as  we  would  require  only  the  same  amount  of  cur- 
rent for  two  lamps  now  that  we  required  for  one  lamp  before.  Fur- 
thermore, as  the  potential  would  now  be  200  instead  of  100  volts, 
we  could  allow  twice  as  much  loss  as  in  the  first  case,  because  the  loss 
would  now  be  figured  as  a  percentage  of  200  volts  instead  of  a  percent- 
age of  100  volts.  From  this,  it  will  readily  be  seen  that  in  the  second 
case  mentioned,  we  would  require  only  one-quarter  the  weight  of 
copper  that  would  be  required  in  the  first  case. 

It  will  readily  be  seen,  however,  tiiat  a  system  such  as  that  out- 
lined in  the  second  scheme  having  two  lamps,  would  be  impracticable 
for  ordinary  purposes,  for  the  reason  that  it  would  always  require  the 
lamps  to  be  burned  in  pairs.  Now,  it  is  for  this  very  reason  that  the 
third  or  neutral  conductor  is  required ;  and,  if  this  conductor  be  added, 
it  will  no  longer  be  necessary  to  burn  the  lamps  in  pairs.  This,  then, 
is  the  object  of  the  three-wire  system — to  enable  us  to  reduce  the 
amount  of  copper  required  for  transmitting  current,  without  increasing 
the  electric  pressure  employed  for  the  lamps. 
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\\  Itli  re^ianl  to  tlit-  .size  of  the  luiitral  (((iHlnctor,  one  important 
jMiiiit  must  Ik,'  Ijonie  in  mind; and  that  is,  that  l\it'  Ruli-s uf  the  *^  alional 
i'Ai'dric  Code  recjuire  tlie  neutral  conduetor  in  all  interior  wiring  to  l>e 
matle  at  least  as  larj^e  as  eithtT  of  the  two  outside  conductors.  The 
reu-sons  for  this  from  a  fire  stand|xjint  are  obvious,  because,  if  for 
unv  reason  either  of  the  outside  conductors  became  disconnected,  the 
neutnil  wire  mi^ht  l>e  refiuire*!  to  carrv  the  siime  current  as  the  out- 
side conductors,  and  tiiereforc  it  should  l)e  of  the  .same  capacity.  Of 
course,  the  chances  of  such  an  event  happening  are  slight;  but,  as 
the  fire  hazanl  is  all-important,  this  rule  must  Ik*  complietl  with  for 
interior  wiring  or  in  all  cases  where  there  would  be  a  probability  of 
fire.  For  outside  or  utKlcrgrouiid  work,  howivcr,  where  the  fire 
haz;inl  woidd  l)e  relatively  unimj)ortant,  the  neutral  conductor  might 
l)e  re«luce<l  in  size;  and,  as  a  matter  of  fact,  it  is  made  smaller  than 
the  outside  conductors. 

The  three-wire  .system  is  .sometimes  installetl  where  it  is  (lesire<l 
to  use  the  svstem  as  a  two-wire,  12r)-volt  system,  or  to  have  it  arranged 
.so  that  it  may  be  used  at  any  time  also  as  a  tlirec-wire,  I2.')-2."»()-v<)lt 
svstem.  ( )f  course,  in  order  to  do  this,  it  is  necessary-  to  make  the 
neutral  conductor  e(jual  to  the  conibined  capacity  of  the  outside  con- 
ductors, the  latter  Ihmihj:  <1'<""  connected  together  to  form  one  con- 
ductor, the  neutral  l>cing  the  return  conductor.  This  system  is  not 
recommended  except  in  such  instances,  for  exaniple,  as  where  an 
is<ilate<l  j)lant  of  12.")  volts  is  installed,  and  where  there  is  a  jxxssibility 
of  changing  over  at  some  future  time  to  the  three-wirt*,  12.")-2.")()-volt 
svstem.  In  such  a  case  as  this,  however,  it  would  Ik*  U'tter,  where 
possible,  to  design  the  isolated  |)lant  for  a  tiircc-wire.  1 2")-2')()-voIt 
«vstem  originally,  and  then  to  make  the  neutral  conductor  tlu'  sjime 
.size  as  each  of  the  two  outside  conductors. 

The  weight  of  (■o|»|)er  re<|uirc<l  in  a  three-wire  system  when'  the 
neutral  conductor  is  the  s;ime  size  as  cither  of  the  two  outside  coiuluct- 
ors,  is  i  of  that  re<|uirnl  for  a  corresponding  two-wire  .system  using 
the  .stime  voltage  of  lamps.*   It  is  obvious  that  tliis  is  true.  U'canse, 

•N<>r>  -  If.  Ill  lti«  I  wfi-win- usHli-m.  wi' n-pr«w<'iil  i1i<>vmi  h- 

•  liii'inDi  li..  h.  til"  w<-it(ht  of  ciirh  iif  lhi<  iiiiislih' i-iiiiiliii-iiirs  111  lid 

Im<  n-|in'wiii«^l   liy   \.  iiinl   If  h<<  liinl  llin*"  <'<iii<lu<°l<>r»  of  lli>  >\o 

t  .  t  '  t  1  "f  itii' wi'iKhi  iif  i-.ipinT  nHiulrtHl  In  n  llin-^'-wln-  i.>htiiu.  ulniliwi.uKl  Imj 
n-<|iiin'<l  III  II  ('ornTiiioiKllntt  iwi»-wln*  N)iit<'ni  ImviiiR  ilii<  wiiiio  iH'ro'iitaKi'  of  ItMai  •ml 
unliitr  th«  .HuiiiK  voliuK'' of  liini|w 

If  itii'  iii'iiinil  <-.iiiiliii-i<ir  wen-  iiiikIi-  \  of  itn<  mI/<>  nf  im<Ii  <if  ilio  ouImIiIp  iMiiilurturw. 
vt  In  Mtinittliiitw  i|iiiii<  III  uiicliTxriiiiiKl  work.  lliiMniitl  ui'lt-'lii  nt  >'<i|i|M<r  n<<|iilr(«l  would  !>■< 
I  ^  i  y  \     ^  of  (hat  n«|iilrii|  III  (liK  ('omM|Hiii<lliiK  I  wi>  uin'  n>i<(i'iii 
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as  the  discussion  proved  concerning  the  arrangement  shown  in  Fig. 
30,  where  the  lamps  were  placed  in  series  of  pairs,  we  found  that  the 
weight  of  copper  for  the  two  conductors  was  one-quarter  the  weight 
of  the  regular  two-wire  system.  It  is  then  of  course  true,  that,  if  we 
had  another  conductor  of  the  same  size  as  each  of  the  outside  conduct- 
ors, we  increase  theweight  of  copper  one-half,  or  one-quarter  plus 
one-half  of  one-quarter — that  is,  three-eighths. 

In  the  three-wire  system  frequently  used  in  isolated  plants  in 
which  the  two  outside  conductors  are  joined  together  and  the  neutral 
conductor  made  equal  to  their  combined  capacity,  there  is  no  saving 
of  copper,  for  the  reason  that  the  same  voltage  of  transmission  is  used, 
and,  consequently,  we  have  neither  reduced  the  current  nor  increased 
tlie  potential.  Furthermore,  though  the  weight  of  copper  is  the  same, 
it  is  now  divided  into  three  conductors,  instead  of  two,  and  naturally 
it  costs  relatively  more  to  insulate  and  manufacture  three  conductors 
than  to  insulate  and  manufacture  two  conductors  having  the  same 
total  weight  of  copper.  As  a  matter  of  fact,  the  three-wire  system, 
having  the  neutral  conductor  equal  to  the  combined  capacity  of  the 
two  outside  ones,  the  latter  being  joined  together,  is  about  8  to  10 
per  cent  more  expensive  than  the  corresponding  straight  two-wire 
system. 

In  interior  wiring,  as  a  rule,  where  the  three-wire  system  is  used 
for  the  mains  and  feeders,  the  two-wire  system  is  nearly  always  em- 
ployed for  the  branch  circuits.  Of  course,  the  two-wire  branch  cir- 
cuits are  then  balanced  on  each  side  of  the  three-wire  system,  so  as  to 
obtain  as  far  as  possible  at  all  times  an  equal  balance  on  the  two  sides 
of  the  system.  This  is  done  so  as  to  have  the  neutral  conductor  carry 
as  little  current  as  possible.  From  what  has  already  been  said,  it  is 
obvious  that  in  case  there  is  a  perfect  balance,  the  lamps  are  virtually 
in  series  of  pairs,  and  the  neutral  conductor  does  not  carry  any  current. 
\Miere  there  is  an  unbalanced  condition,  the  neutral  conductor  carries 
the  difference  between  the  current  on  one  side  and  the  current  on  the 
other  side  of  the  system.  For  example,  if  we  had  five  lamps  on  one 
side  of  the  system  and  ten  lamps  on  the  other,  the  neutral  conductor 
would  carry  the  current  corresponding  to  five  lamps. 

In  calculating  the  three-wire  system,  the  neutral  conductor  is 
disregarded,  the  outer  wires  being  treated  as  a  two-wire  circuit,  and 
the  calculation  is  for  one-half  the  total  number  of  lamps,  the  per- 
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ifiitage  of  loss  l)eing  basttl  im  the  [Mjtcntial  acro.s.s  llie  two  outride 
coiuluctors. 

The  three-wire  system  is  verv  genenilly  einployeil  in  aheniatiiig- 
current  secoiuhir)'  wiring,  as  nearly  all  tninsfuriners  are  l»uilt  with 
three-wire  coniieetioiis. 

While  unhalancing  will  not  alTeet  the  total  Kjss  in  the  out.sidc 
coiuiiietors,  yet  it  does  affeet  the  loss  in  the  lamps,  for  the  reason  that 
the  system  is  usually  ealeulated  on  the  basis  of  a  perfeet  balanee,  and 
the  l(jss  is  dividitl  e(|ually  between  the  two  lamps  (the  hitter  iK'ing 
eonsideretl  in  series  of  pairs).  If,  however,  there  is  ur.ljalaiuing  to 
a  great  tlegree,  the  loss  in  lamps  will  be  inereased ;  and  if  the  entire 
load  is  thrown  over  on  one  side,  the  loss  in  the  lamps  will  lie  douliled 
on  the  remaining  side,  because  the  total  loss  in  voltage  will  now  (K-eur 
in  these  lamps,  whereas,  in  the  case  of  perfect  l)alance,  it  would  !« 
e(|ually  divided  Ix'tween  the  two  groups  of  lamps. 

CALCULATION  OF  SIZES  OF  CONDUCTORS 

The  formula  for  calculating  the  sizes  of  comluctors  for  direct 
currents,  where  the  length,  load,  and  lo.ss  in  volts  are  given,  is  as  fol- 
lows : 

The  size  of  conductor  (in  circular  mils)  is  ecjual  to  the  current  mulliftticd 
by  the  distance  (,onc  way),  multifAtcd  hy  21. G,  divtdtd  by  tlie  loss   in  volts;  or, 

CM  =  ''  ^  ^^.^  -'•^' (1) 

in  which  C  =  Current,  in  amperes; 

I)  —  Distance  or  length  of  the  circuit  (oiu>  way,  in  feet); 

r  =  Loss  in  volts  between  the  bejjinning  anil  eiul  of  the  circuit. 

The  constant  (21.0)  of  this  fornuda  isdcrive<|  from  the  resistjuicc 
of  a  mil  foot  of  wire  of  (IS  pt-r  cent  conductivity  at  '2'*°  Centignule  or 
77°  Fahrenlieit.  The  resistance  of  a  conductor  of  one  mil  diam- 
eter and  one  foot  long,  is  10. S  at  the  Icmpi-iature  anil  conduc- 
tivity named.  ^Ve  multiply  this  figure  (10. S)  i)y 'J.as  the  length  of  a 
circuit  is  usually  given  as  the  distance  one  way,  and  in  onlcr  to  obtain 
the  resistance  of  Inith  conductors  in  a  two-wire  cinuit.  we  must 
multiply  by  2.  The  formula  a.s  alM)vi'  given,  therefore,  is  for  a  twin 
wire  circuit;  and  in  calctdating  the  si/e  of  conductors  in  a  thnn'-wirt* 
.system,  the  calculation  should  !)<•  made  on  a  two- wire  basi>,  as  r.\- 
plaineil  hereinafter. 


as 
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Formula  1  can  be  transformed  so  as  to  obtain  the  loss  in  a  given 
circuit,  or  the  current  which  may  be  carried  a  given  distance  with  a 
stated  loss,  or  to  obtain  the  distance  when  the  other  factors  are  given, 
in  the  following  manner: 

Formula  for  Calculating  Loss  in  Circuit  when  Size,  Current,  and  Distance   are  Given 

^,  _    C  X  DX  21.6  /-^x 

^  ~  CM  V^/ 

Formula  for  Calculating  Current  which  may  be  Carried  by  a  Qiven  Circuit  of  Specified 
Length,  and  with  a  Specified  Loss 

^_  CMXV  ,,x 

^~   DX  21.6 y*^) 

Formula  for  Calculating  Length  of  Circuit  when  Size,  Loss,  and  Current  to  be  Carried 

are  Qiven 

^        CM  XV  ,.^ 

Formulfe  are  frequently  given  for  calculating  sizes  of  conductors, 
etc.,  where  the  load,  instead  of  being  given  in  amperes,  is  stated  in 
lamps  or  in  horse-power.  It  is  usually  advisable,  however,  to  reduce 
the  load  to  amperes,  as  the  efficiency  of  lamps  and  motors  is  a  variable 
quantity,  and  the  current  varies  correspondingly. 

It  is  sometimes  convenient,  however,  to  make  the  calculation 
in  terms  of  watts.  It  will  readily  be  seen  that  we  can  obtain  a  formula 
expressed  in  watts  from  Formula  1.  To  do  this,  it  is  advisable  to 
express  the  loss  in  volts  in  percentage,  instead  of  actual  volts  lost.  It 
must  be  remembered  that,  in  the  above  formulae,  V  represents  the 
volts  lost  in  the  circuit,  or,  in  other  words,  the  difference  in  potential 
between  the  beginning  and  the  end  of  the  circuit,  and  is  not  the 
applied  E.  M.  F.  The  loss  in  percentage,  in  any  circuit,  is  equal  to 
the  actual  loss  expressed  in  volts,  divided  by  the  line  voltage,  multiplied 
by  100;  or. 


P  =  ^  X  100. 


From  this  equation,  we  have: 


V=^± 
100 


If,  for  example,  the  calculation  is  to  be  made  on  a  loss  of  5  per  cent, 
with  an  applied  voltage  of  250,  using  this  last  equation,  we  would  have: 


„        5X250        ,„.      ,^ 

V    =  Ynn =  12.5  volts. 


P  E 

Substituting  the  equation      V=  in  Formula  1 ,  we  have: 
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C  M 


C  X  /->  X  21.0 
P  K 
lOU 

C  X   1)  X  21.G  X  100 

P  E 
C  X  D  X  2,160 


P  E 

This  o(|u:iti()ii  it  should  In-  ivmemlKTrtl,  is  expressfil  in  terms  «»f 
aj}!)^^!  voltage.  Now,  siiRr  the  jxjwer  in  watts  is  etjual  t<j  the  aj)j)heil 
voltage  multiplud  by  the  current  {W  —  EC),  it  follows  that 

^  E 

Hy  suhstitutint;  this  value  of  ('  in  the  e<|Uati()n  ii;iven  aKove  iC  M  — 

c'x  D  X  2,ir.()v     ,     ,        ,    .  ,  .  ,  .         , 

— >j  II  I  •  'he  foiinula  is  e.xpresse<  1  in  terms  of  watts  in>tea»i 

of  eunviit,  thu>: 

nyf  -     W  X   D    y.    2,160  -,-v 

.    '"  ~  'eT^         v^/ 

in  which   TI'  =  Power  in  watts  transmitted; 

D   =  Lengtli  of  the  ciriuit  (one  way) — that  is,  tlie  lengtli  of  one 

conductor; 
P  =  FiRure  representing  tiie  percentage  loss; 
/:"♦=  Applied  voltage. 

AH  the  al>ove  formula'  are  for  calculations  of  two-wire  circuits. 
In  making;  calculations  for  three-wire  circuits,  it  is  u.sual  to  make  the 
calculation  on  the  hasis  <»f  the  (wo  outsiile  comluctors;  and  in  i\\rvii 
wire  calculations,  the  ahove  formula' can  \>v  used  with  a  slij^hf  miHlili- 
cation,  as  will  Ik-  shown. 

In  a  three-wire  circuit,  it  is  usually  assumed  in  makin<,'  the  cal- 
culation, that  the  loa«l  is  e(|Ually  halaiicnl  on  the  two  sides  of  the 
neutnd  conductor;  and,  as  the  potential  acn)ss  the  outside  conductors 
i.s  double  that  of  the  correspond  inj^  |)oteutial  across  a  two-wire  <ircuit, 
it  is  evident  that  for  (he  same  si/.e  of  conductor  the  total  loss  in  volts 
could  In*  douhlnl  without  iiicieasint;  the  jM-rcentap'  of  lt)s.s  in  lamps. 
Furthermon',  as  the  load  on  one  side  of  the  neutr.il  conductor,  when 
the  .system  is  halanced,  is  virtually  in  seriivs  with  the  load  on  the 
thini  side,  the  curreiu  in  ani|>eres  is  usuallv  one-half  the  sum  of  (he 
current   ni(uind   l.y  all   the  lamps,      if  ('  he  still   taken  as  (he  (o(al 

•Nc»Tr.  Ki'ini'mlMT  tlmi  V  In  Korinulu'  1  lo  4  n'|in>i»<'iit(«  iln'  mi|u  ltw(,  hui  llul 
6  In  Kurmula  8  rf  iirt«piiiii  tlir  a|i|)il<<<l  vnltaifo. 
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current  in  amperes  (that  is,  the  sum  of  the  current  required  by  all  of 
the  lamps)  in  Formula  1,  we  shall  have  to  divide  this  current  by  2, 
to  use  the  formula  for  calculating  the  two  outside  conductors  for  a 
three-wire  system.  Furthermore,  we  shall  have  to  multiply  the 
voltage  lost  in  the  lamps  by  2,  to  obtain  the  voltage  lost  in  the  two  out- 
side conductors,  for  the  reason  that  the  potential  of  the  outside  com 
ductors  is  double  the  potential  required  by  the  lamps  themselves. 
In  other  words,  Formula  1  will  become: 

CXDX  21.6 


CM 


2  X  F  X  2 
CXDX  21.6 


-  4K  ' C6) 

in  which  C  =  Sum  of  current  required  by  all  of  the  lamps  on  both  sides  of 
the  neutral  conductor; 
D  =  Length  of  circuit — that  is,  of  any  one  of  the  three  conductors; 
V  =  Loss  allowed  in  the  lamps,  i.  e.,  one-half  the  total  loss  in  the 
two  outside  conductors. 

In  the  same  manner,  all  of  the  other  formulae  may  be  adapted  for 
making  calculations  for  three-wire  systems.  Of  course  the  calcula- 
tion of  a  three-wire  system  could  be  made  as  if  it  were  a  two-wire 
system,  by  taking  one-half  the  total  number  of  lamps  supplied,  at 
one-half  the  voltage  between  the  outside  conductors. 

It  is  understood,  of  course,  that  the  size  of  the  conductor  in 
Formula  6  is  the  size  of  each  of  the  two  outs  de  ones;  but,  inasmuch 
as  the  Rules  of  the  National  Electric  Code  require  that  for  interior 
wiring  the  neutral  conductor  shall  be  at  least  equal  in  size  to  the  outside 
conductors,  it  is  not  necessar)-  to  calculate  the  size  of  the  neutral 
conductor.  It  must  be  remembered,  however,  that,  in  a  three-wire 
system  where  the  neutral  conductor  is  made  equal  in  capacity  to  the 
combined  size  of  the  two  outside  conductors,  and  where  the  two 
outside  conductors  are  joined  together,  we  have  virtually  a  two-wire 
system  arranged  so  that  it  can  be  converted  into  a  three-wire  system 
later.  In  this  case  the  calculation  is  exactly  the  same  as  in  the  case 
of  the  two-wire  circuits,  except  that  one  of  the  two  conductors  is  split 
into  two  smaller  wires  of  the  same  capacity.  This  is  frequently  done 
where  isolated  plants  are  installed,  and  where  the  generators  are  wound 
for  125  volts  and  it  may  be  desired  at  times  to  take  current  from  an 
outside  three-wire  125-250-volt  system. 
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MinHOI)  OF  PLANNING  A  W  H^INCl 
INSTALLATION 

The  first  .stt-j)  iti  |)laiiiiiii;^  a  wiring'  installation,  is  to  pitlier  all 
the  (lata  wiiii  ii  will  allect  either  direetly  or  indirectly  the  svstem  of 
wirin;^  and  the  maimer  in  which  the  condnctors  are  to  Ix*  installetl. 
'i'hese  <lata  will  include:  Kind  of  huildin;;;  constniction  of  huildinj^; 
space  available  for  condnctors;  sonrce  and  system  of  electric-cnrrent 
supply;  and  all  details  whi'h  will  determine  the  metluxl  of  wiring 
to  l)e  employtil.  These  last  items  materially  affect  tlie  cost  of  the 
work,  and  are  usually  determined  hy  the  character  of  the  Iniilding 
and  l)y  commercial  considerations. 

A\cthod  of  Wiring.  In  a  m(j<lern  fireproof  l)iiildin<,'.  the  onlv 
system  of  wirinj,'  to  he  recommended  is  that  in  which  the  ccjiiductors 
are  installed  in  rifjid  conduits;  although,  even  in  such  cases,  it  mav  be 
desirahle,  and  economy  may  l>e  effected  thereby,  to  install  the  larger 
feetler  and  main  conductors  exposed  on  insulators  using  weatheqjnjof 
slow-l)uniing  wire.  This  latter  luetluMl  should  lu-  use<l,  however, 
only  where  there  is  a  convenient  runway  for  the  conductors,  .so  that 
they  will  not  he  crowded  and  will  not  cross  pipes,  ducts,  etc.,  I'.nd 
al.so  will  not  have  too  many  bends  Also,  the  local  insjxx^'tion  authori- 
ties should  l>e  consultetl  l)efore  usin^;  this  methiMl. 

For  mills,  factories,  etc.,  wires  exposed  on  cleats  or  insulators 
are  usually  to  Im?  recommended,  although  rigid  conduit,  flexible  con- 
duit, r*r  armore<l  cable  may  be  desirable. 

In  finished  buildings,  and  for  extensions  of  existing  outlets, 
where  the  wiring  could  not  rcadilv  or  coiivenientiv  Ik*  conceaUxl, 
moulding  is  generally  tist-tl,  particidarly  where  cleat  wiring  or  other 
ex|M)se«l  mctliiMls  of  wiring  would  be  objcctional>le.  However,  as 
has  already  Im-cii  saiil,  nioidding  should  not  1h'  cmplovctl  where  there 
is  any  liability  to  *laiii|>ncss. 

In  finished  buildings,  particularly  where  they  are  of  fnime  con- 
stniction, flexible  steel  cotidnils  or  :irnion-<|  cable  are  to  Ik-  n'com- 
meiided. 

While  in  new  buildings  of  frame  construction,  knob  ai.d  tuU' 
wiring  are  fre(|uenlly  employed,  this  nietluKl  shoulil  U-  um"«1  oidv 
where  the  i|ueslion  of  lir>t  cost  is  of  |irinie  im|Hirlanee.  While  armoreii 
cable  will  cost  approximately  '>()  tti  ItM)  jht  cent  luotv  than  knob  ami 
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tube  wiring,  the  former  method  is  so  much  more  permanent  and  is 
so  much  safer  that  it  is  strongly  recommended. 

Systems  of  Wiring.  The  system  of  wiring — that  is,  whether 
the  two-wire  or  the  three-wire  system  shall  be  used — is  usually  deter- 
mined by  the  source  of  supply.  If  the  source  of  supply  is  an  isolated 
plant,  with  simple  two-wire  generators,  and  with  litde  possibility 
of  current  being  taken  from  the  outside  at  some  future  time,  the 
wiring  in  the  building  should  be  laid  out  on  the  two-wire  system.  If, 
on  the  other  hand,  the  isolated  plant  is  three-wire  (having  three-wire 
generators,  or  two-wire  generators  with  balancer  sets),  or  if  the  cur- 
rent is  taken  from  an  outside  source,  the  wiring  in  the  building  should 
be  laid  out  on  a  three-wire  system. 

It  very  seldom  happens  that  current  supply  from  a  central  station 
is  arranged  with  other  than  the  three-wire  system  inside  of  buildings, 
because,  if  the  outside  supply  is  alternating  current,  the  transformers 
are  usually  adapted  for  a  three-wire  system.  For  small  buildings, 
on  the  other  hand,  where  there  are  only  a  few  lights  and  where  there 
would  be  only  one  feeder,  the  two-wire  system  is  used.  As  a  rule, 
however,  when  the  current  is  taken  from  an  outside  source,  it  is  best 
to  consult  the  engineer  of  the  central  station  supplymg  the  current, 
and  to  conform  with  his  wishes.  As  a  matter  of  fact,  this  should  be 
done  in  any  event,  in  order  to  ascertain  the  proper  voltage  for  the 
lamps  and  for  the  motors,  and  also  to  ascertain  whether  the  central 
station  will  supply  transformers,  meters,  and  lamps — for,  if  these 
are  not  thus  supplied,  they  should  be  included  in  the  contract  for  the 
wiring. 

Location  of  Outlets.  It  is  not  within  the  scope  of  this  treatise 
to  discuss  the  matter  of  illumination,  but  it  is  desirable,  at  this  point, 
to  outline  briefly  the  method  of  procedure, 

A  set  of  plans,  including  elevation  and  details,  if  any,  and  show- 
ing decorative  treatment  of  the  various  rooms,  should  be  obtained 
from  the  Architect.  A  careful  study  should  then  be  made  by  the 
Ai'chitect,  the  Owner,  and  the  Engineer,  or  some  other  person  qualified 
to  make  recommendations  as  to  illumination.  The  location  of  the 
outlets  will  depend:  First,  upon  the  decorative  treatment  of  the 
room,  which  determines  the  aesthetic  and  architectural  effects;  second, 
upon  the  type  and  general  form  of  fixtures  to  be  used,  which  shoula 
be  previously  decided  on;  third,  upon  the  tastes  of  the  owners  or 


40 


ELECTRIC  WraiXG  31 


(H-ni|iaiits  in  regard  to  illuiiiiiiatiini  in  general,  us  it  is  fmiiul  timt 
tastes  van*  widt-ly  in  rr^^anl  to  amount  and  kind  of  illumination. 

Till'  location  of  tin-  outlt-ts,  and  the  numlwr  of  li;,'lits  rt*<juirttl 
at  i-acli,  lia\  ini,'  \>vfu  dctcrmintil,  tlu-  outlets  should  l»e  marked  on 
the  plans. 

Tlie  Architect  shoulil  then  We  consulted  as  to  the  location  of  the 
centers  of  distrihution,  the  available  |)oints  for  (he  riM-r^  or  feetlers, 
and  the  availahle  .space  for  the  hranch  circuit  conductors. 

In  re;;ard  to  tiie  ritintj  points  for  the  jtnlcru  and  inain.s,  the  fol- 
lowing precautions  .should  Ik?  u.seil  in  .selecting  eha.ses: 

1.  Tlie  space  sitould  be  amply  large  to  accomciodatc  all  (he  feeders  and 
mains  likely  to  ri.se  at  that  given  point.  Thi.s  .seems  trite  and  unneeeis/^ary, 
hut  it  i.s  the  most  usual  trouble  with  chases  for  risers.  Fomierly  architects 
and  buililers  paiil  little  attention  to  the  re(|uirement8  for  eluises  for  electrical 
work;  but  in  these  later  days  of  2-inch  and  2J-inch  conduit,  they  realize  that 
these  pi[)es  are  not  so  invisible  and  mj'sterious  as  the  force  thej'  serve  to  dis- 
trii)Ute.  |)arti(ularly  when  twentj'  or  more  such  conduits  must  Lk;  stowed  away 
in  a  l)uilding  where  no  special  provision  h;us  been  matle  for  them. 

2.  If  possible,  the  space  should  be  devoted  solely  to  electric  wiring. 
Steam  pipes  are  objectionable  on  account  of  their  temperature;  and  these  and 
all  other  pii)es  are  objectionable  in  the  same  space  occupied  by  the  electrical 
conduits,  for  if  the  space  proves  too  small,  the  electric  conduits  are  tljc  first  to 
be  crowded  out. 

The  chase,  if  possible,  shoidd  be  contimious  from  the  cellar  to  the  roof, 
or  as  far  as  needed.  This  is  necessary  in  order  to  avoid  unnecessary  bends  or 
elbows,  which  are  objectionable  for  man}'  reasons. 

In  similar  mamier,  the  location  of  c»/-o(//  nihinrt.s  or  (Ii\'<(ribuling 

rrnttrn  .should  fidfil  the  following  requirements: 

1.  They  shouUl  be  accessible  at  all  times. 

2.  They  shoidd  be  placed  sufTicieiUly  close  together  to  prevent  (he  cir- 
cuits from  being  too  long. 

3.  Do  not  place  them  in  too  prominent  a  position,  as  that  is  objectionable 
from  the  .Vrchitect's  point  of  view. 

•I.  They  should  be  placetl  as  near  as  po.ssible  (o  the  rising  cliiuses.  in 
order  to  shorten  (he  f«'eders  antl  mains  supplying  them. 

Having determine<l  the  .system  and  ineth(Nl  of  wiring,  the  Kxation 
of  outU-ts  and  distrihuting  centers,  the  next  step  is  (o  lay  out  the  hranch 
cirrull.H  su|)plying  tlu'  various  outlets. 

Before  starting  to  lay  out  the  hranch  cin  nits,  a  dniwing  showing 
the  ll«)or  eonstnn-tion,  and  showing  the  space  Iwlween  the  top  of  the 
iH'nmsand  girders  and  the  (looring,  should  Ik-  olilainetl  fn»m  the  Archi- 
tect. In  '"  '(roof  buildings  of  iron  or  steel  construction,  it  is  almost 
the  invarialile  j»ractic«',  where  the  work  i.s  to  Ik*  i-omx'Hktl,  (i>  run  'ho 
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conduits  oxe\  the  beams,  under  the  rough  flooring,  carrying  them 
between  the  sleepers  when  running  parallel  to  the  sleepers,  and  notch- 
ing the  latter  when  the  conduits  run  across  them  (see  Fig.  31).  In 
wooden  frame  buildings,  the  conduits  run  parallel  to  the  beams  and 
to  the  furring  (see  Fig.  32);  they  are  also  sometimes  run  below  the 

Finished  _noorv 
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Fig.  31.    Running  Conductors  Concealed  under  Floor  in  Fireproof  Building. 

beams.  In  the  latter  case  the  beams  have  to  be  notched,  and  this  is 
allowable  only  in  certain  places,  usually  near  the  points  where  the 
beams  are  supported.  The  Architect's  drawing  is  therefore  necessary 
in  order  that  the  location  and  course  of  the  conduits  may  be  indicated 
on  the  plans. 

The  first  consideration  in  laying  out  the  branch  circuit  is  the 
number  of  outlets  and  number  of  lights  to  be  wired  on  any  one  branch 
circuit.  The  Rules  of  the  National  Elcctnc  Code  (Rule  21-D)  require 
that  "no  set  of  incandescent  lamps  requiring  more  than  6G0  watts, 
whether  grouped  on  one  fixture  or  on  several  fixtures  or  pendants, 
will  be  dependent  on  one  cut-out."  "\Miile  it  would  be  possible  to 
have  branch  circuits  supplying  more  than  GGO  watts,  by  placing  various 
cut-outs  at  different  points  along  the  route  of  the  branch  circuit,  so 
as  to  subdivide  it  into  small  sections  to  comply  with  the  rule,  this 
method  is  not  recommended,  except  in  certain  cases,  for  exposed  wiring 
in  factories  or  mills.  As  a  rule,  the  proper  method  is  to  have  the 
cut-outs  located  at  the  center  of  distribution,  and  to  limit  each  branch 
circuit  to  600  watts,  which  corresponds  to  twelve  or  thirteen  50-watt 
lamps,  twelve  being  the  usual  limit.  Attention  is  called  to  the  fact 
that  the  inspectors  usually  allow  50  watts  for  each  socket  connected 
to  a  branch  circuit;  and  although  8-candle-power  lamps  may  be 
placed  at  some  of  the  outlets,  the  inspectors  hold  that  the  standard 
lamp  is  approximately  50  watts,  and  for  that  reason  tb'^T"?  is  always 
the  likelihood  of  a  lamp  of  that  capacity  being  used,  and  their  mspec- 
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tion  is  baseii  on  that  a.s.sumi)tion.  Thert-fore,  to  c-oniply  with  the 
rc<|uiri'im'iits,  an  allowance  of  not  more  than  twelve  hinips  per  hniiuh 
circuit  slioiiltl  Ik*  made. 

In  onlinarA'  practice,  however,  it  is  In-st  to  reiiuce  this  mimljer 
still  furMier,  so  as  to  make  allowance  for  future  extensions  or  to  increase 
the  numl)er  of  lamps  that  may  Im?  placeil  at  any  outlet.  For  this 
reason,  it  is  wise  to  keep  the  mimher  of  the  outlets  on  a  circuit  at  the 
lowest  point  consistent  with  economical  wiring.  It  has  l)een  proven 
by  actual  j)ractice,  that  the  best  re.sults  are  obtaine«l  by  limiting  the 
number  to  five  or  six  outlets  on  a  bninch  circuit.  ( )f  coursi',  where 
all  the  outlets  have  a  .single  light  each,  it  is  fre(|uently  necesssir)*,  for 
reasons  of  economy,  to  increa.se  this  numl)er  to  eight,  ten,  and,  in 
some  ca.ses,  twelve  outlets. 

We  have  already  referred  to  the  location  of  the  wires  or  conduits. 
This  question  is  generally  .settletl  by  the  peculiarities  of  the  constnic- 
tion  of  the  building.  It  is  necessary'  to  know  this,  however,  l)efore 
laying  out  the  liniiit  work,  as  it  frequently  determines  the  course  of 
a  circuit. 

Now,  as  to  the  course  of  the  circuit  work,  little  neetl  l)e  .said, 
as  it  is  largely  iiiHucnred  by  the  relative  position  of  the  outlets,  cut- 
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outs,  switches,  etc.  Between  the  ciil-out  bi>\  and  the  first  outlet,  and 
In'tween  the  outlets,  it  will  have  to  be  d»(i<U>«l.  however,  whether 
the  circuits  shall  run  at  right  angles  to  (he  walls  of  the  building  «>r 
riMtin,  or  win-tiler  they  shall  run  <lirect  from  one  jM)iiit  to  another, 
irn'.s|)c<'tive  of  the  angle  they  make  to  the  sleejHTs  «>r  U'ams.  Of 
coiirs<',  in  the  latter  case,  the  advanlagi-s  are  tliat  the  cost  is  .S4)me- 
whut  less  and  (he  iiuinU-r  of  ellH)Ws  and  U'luU  is  nilucetl.     If  the 
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tubes  are  bent,  however,  instead  of  using  elbows,  the  difference  in 
cost  is  usually  very  slight,  and  probably  does  not  compensate  for  the 
disadvantages  that  would  result  from  running  the  tubes  diagonally. 
As  to  the  number  of  bends,  if  branch  circuit  work  is  properly  laid 
out  and  installed,  and  a  proper  size  of  tube  used,  it  rarely  happens 
that  there  is  any  difference  in  "pulling"  the  branch  circuit  wires. 
It  may  happen,  in  the  event  of  a  xery  long  run  or  one  having  a  large 
number  of  bends,  that  it  might  be  advisable  to  adopt  a  short  and 
most  direct  route. 

Up  to  this  time,  the  location  of  the  distribution  centers  has  been 
made  solely  with  reference  to  architectural  considerations;  but  they 
must  now  be  considered  in  conjunction  with  the  branch  circuit  work. 

It  frequently  happens  that,  after  running  the  branch  circuits 
on  the  plans,  we  find,  in  certain  cases,  that  the  position  of  centers  of 
distribution  may  be  changed  to  advantage,  or  sometimes  certain 
groups  may  be  dispensed  with  entirely  and  the  circuits  run  to  other 
points.  We  now  see  the  wisdom  of  ascertaining  from  the  Architect 
where  cut-out  groups  may  be  located,  rather  than  selecting  particular 
points  for  their  location. 

As  a  rule,  wherever  possible,  it  is  wise  to  limit  the  length  of  each 
branch  circuit  to  100  feet;  and  the  number  and  location  of  the  dis- 
tributing centers  should  be  determined  accordingly. 

It  may  be  found  that  it  is  sometimes  necessary  and  even  desirable 
to  increase  the  limit  of  length.  One  instance  of  this  may  be  found  in 
hall  or  corridor  lights  in  large  buildings.  It  is  generally  desirable, 
in  such  cases,  to  control  the  hall  lights  from  one  point;  and,  as  the 
number  of  lights  at  each  outlet  is  generally  small,  it  would  not  be 
economical  to  run  mains  for  sub-centers  of  distribution.  Hence, 
in  instances  of  this  character,  the  length  of  nms  will  frequently  exceed 
the  limit  named.  In  the  great  majority  of  cases,  however,  the  best 
results  are  obtained  by  limiting  the  runs  to  90  or  100  feet. 

There  are  several  good  reasons  for  placing  such  a  limit  on  the 
length  of  a  branch  circuit.  To  begin  with,  assuming  that  we  are  going 
to  place  a  limit  on  the  loss  in  voltage  (drop)  from  the  switchboard  to 
the  lamp,  it  may  be  easily  proven  that  up  to  a  certain  reasonable 
limit  it  is  more  economical  to  have  a  larger  number  of  distributing 
centers  and  shorter  branch  circuits,  than  to  have  fewer  centers  and 
longer  circuits.     It  is  usual,  in  the  better  class  of  work,  to  limit  the 
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loss  in  vidta^'  in  any  l)raii(li  ciniiit  to  approxitiiately  one  volt.  ^Vs- 
suniin;^  this  limit  (one  volt  loss),  it  can  i^'atlily  lie  calciilatwl  tliat  the 
nuinU'r  of  lij^hts  at  one  outlet  which  may  l)e  c(jnne<-ti'<l  on  a  hmnch 
circuit  KM)  feet  long  fusinj,'  No.  14  H.  iJt  S.  wire),  is  four;  or  in  the 
case  of  outlets  havinj;  a  sinj^le  light  each,  fur  outlets  may  lje  con- 
nected on  the  circuit,  the  first  lieingdO  feet  fn;:n  the  cutnjut,  the  others 
iK'ing  10  feet  apart. 

These  examples  are  selected  simply  to  .show  that  if  the  branch 
circuits  are  much  longer  than  100  feet,  the  loss  must  l)e  increa.se*! 
to  more  than  one  volt,  or  else  the  numlier  of  lights  that  may  Ik*  con- 
nected to  one  circuit  must  l)e  reduced  to  a  very  small  (luantity.  pm- 
vidcd,  of  course,  the  size  of  the  wire  remains  the  sjune. 

Either  of  these  alternatives  is  ohjectionahle — the  first,  on  the 
.score  of  regidation;  and  the  .second,  from  an  economical  standiNiint. 
If,  for  instance,  the  loss  in  a  branch  circuit  with  all  the  lights  turncil 
on  is  four  volts  (assuming  an  extreme  case),  the  voltage  at  which  a 
lamp  on  that  circuit  burns  will  var}-  from  four  volts,  depending  on  the 
numl)er  of  lights  burning  at  a  time.  This,  of  course,  will  cause  the 
lamp  to  burn  l)elow  candle-power  when  all  the  lamps  are  turned  on, 
or  else  to  diminish  its  life  by  burning  above  the  proper  voltage  when 
it  is  the  only  lamp  burning  on  the  circuit.  Then,  too,  if  the  ilrop  in 
the  branch  circuits  is  increa.setl,  the  sizes  of  the  feeders  anti  the  mains 
must  Ix'  correspondingly  increased  (if  the  total  loss  remains  the  .same), 
thereby  increasing  their  cost. 

If  the  numlx*r  of  lights  on  the  circuit  is  decreased,  we  do  not  use 
to  good  advantage  the  available  carrying  capacity  of  the  win*. 

( )f  course,  one  solution  of  the  problem  would  l»e  to  iiicn'ase  the 
size  of  the  win-  for  the  Imincli  (ircuils,  thus  reducing  the  tlmp.  This, 
however,  would  not  be  tlesirable,  except  in  certain  cases  where  there 
were  a  few  long  circuits,  such  as  for  corridor  lights  or  other  s|M><'ial 
•ontrol  ciniiits.  In  >U(li  instances  as  the.se,  it  would  be  In-tter  to 
iiK  rcas«'  the  sizes  of  the  bniiuh  cin-uit  to  No.  12  or  even  No.  10 
H.  N:  S.  flange  conductors,  than  to  incn-ase  the  numlK-r  of  centers 
)f  distribution  for  the  sjdxc  of  a  few  cin  nils  onlv,  in  onh-r  to  n"«hn'«' 
the  minilMT  of  lamps  (or  loss)  within  the  limit. 

The  mrlliod  of  calculating  the  loss  in  comluctors  has  l>een  given 
el.sewhere;  but  it  must  b<-  borne  in  mind,  iti  ralctdaling  the  lo.ss  «if  a 
branih  (  ircnit  suppbing  more  than  one  oullrt,  that  srj>iin»te  caleu- 
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lations  must  be  made  for  each  portion  of  the  circuit.  That  is,  a 
calculation  must  be  made  for  the  loss  to  the  first  outlet,  the  length  in 
this  case  being  the  distance  from  the  center  of  distribution  to  the  first 
outlet,  and  the  load  being  the  total  number  of  lamps  supplied  by  the 
circuit.  The  next  step  would  be  to  obtain  the  loss  between  the  first 
and  second  outlet,  the  length  being  the  distance  between  the  two  out- 
lets, and  the  load,  in  this  case,  being  the  total  number  of  lamps  sup- 
plied by  the  circuit,  ininus  the  number  supplied  by  the  first  outlet; 
and  so  on.  The  loss  for  the  total  circuit  would  be  the  sum  of  these 
losses  for  the  various  portions  of  the  circuit. 

Feeders  and  Mains.  If  the  building  is  more  than  one  stor}%  an 
elevation  should  be  made  showing  the  height  and  number  of  stories. 
On  this  elevation,  the  various  distributing  centers  should  be  shown 
diagrammatically;  and  the  current  in  amperes  supplied  through 
each  center  of  distribution,  should  be  indicated  at  each  center.  The 
next  step  is  to  lay  out  a  tentative  system  of  feeders  and  mains,  and  to 
ascertain  the  load  in  amperes  supplied  by  each  feeder  and  main. 
The  estimated  length  of  each  feeder  and  main  should  then  be  deter- 
mined, and  calculation  made  for  the  loss  from  the  switchboard  to 
each  center  of  distribution.  It  may  be  found  that  in  some  cases  it 
will  be  necessary  to  change  the  arrangement  of  feeders  or  mains,  or 
even  the  centers  of  distribution,  in  order  to  keep  the  total  loss  from  the 
switchboard  to  the  lamps  within  the  limits  previously  determined. 
As  a  matter  of  fact,  in  important  work,  it  is  always  best  to  lay  out  the 
entire  work  tentatively  in  a  more  or  less  crude  fashion,  according  to 
the  "cut  and  dried"  method,  in  order  to  obtain  the  best  results,  because 
the  entire  layout  may  be  modified  after  the  first  preliminary  layout 
has  been  made.  Of  course,  as  one  becomes  more  experienced  and 
skilled  in  these  matters,  the  final  layout  is  often  almost  identical  with 
the  first  preliminary  arrangement. 

TESTING 

Where  possible,  two  tests  of  the  electric  wiring  equipment  should 
be  made,  one  after  the  wiring  itself  is  entirely  completed,  and  switches, 
cut-out  panels,  etc.,  are  connected;  and  the  second  one  after  the 
fixtures  have  all  been  installed.  The  reason  for  this  is  that  if  a  ground 
or  short  circuit  is  discovered  before  the  fixtures  are  installed,  it  is 
more  easily  remedied;  and  secondly,  because  there  is  no  division  ot 
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the  re.s|M)nsil)ility,  as  tlii-re  might  Ik*  if  the  first  test  were  rmuie  only 
after  the  (ixtim-s  were  installed.  If  the  test  shows  no  grounds  or 
short  cireuits  l)efore  the  fixtures  are  installed,  and  one  does  develop 
after  they  are  installed,  the  trouhle,  of  eourse,  is  that  the  short  eireuit 
or  gn)und  is  one  or  more  of  the  fixtures.  As  a  matter  of  fart,  it  is  a 
wise  plan  always  to  make  a  separate  test  of  each  fixture  after  it  is 
delivere*!  at  the  Iniilding  and  before  it  is  installed. 

WhiK-  a  macjmto  is  largely  usi-*!  for  the  pur{K)se  of  testing,  it  is 
at  l>e>t  a  crude  and  unreliahle  niethcxl.  In  the  first  place,  it  does 
not  give  an  indication,  even  approximately,  of  the  total  insulation 
resistance,  but  merely  indicates  wiiether  there  is  a  ground  or  sliort 
circuit,  or  not.  In  some  instances,  nioref)ver,  a  magneto  test  has 
led  to  serious  errors,  for  reasons  that  will  he  explaine<l.  -  If,  as  is 
nearly  always  the  case,  the  magneto  is  an  alteniatiiigHurrent  instni- 
ment,  it  may  sometimes  happen — particularly  in  long  cables,  and 
especially  where  there  is  a  lead  sheathing  on  the  cable — that  the 
magneto  will  ring,  indicating  to  the  uninitiated  that  there  isa  ground 
or  short  circuit  on  the  cable.  This  may  be,  and  usually  is,  far  from 
Ix'ing  the  case;  and  the  cause  of  the  ringing  of  the  magneto  is  not  a 
gn)und  or  short  circuit,  but  is  due  to  the  capacity  of  the  cable,  which 
acts  as  a  condenser  under  certain  conditions,  since  the  magneto  prinluc- 
ing  an  alternating  current  repeatedly  charges  and  discharges  the  cable 
in  opposite  directions,  this  changing  of  the  current  causing  the  magneto 
to  ring.  Of  course,  this  defect  in  a  magneto  could  be  iemedie«l  i)y 
using  a  commutator  and  changing  it  to  a  direct-<urrent  machine; 
but  as  the  method  is  faulty  in  itself.it  is  hardly  worth  while  to  do  this 
\  j)ortable  (jalviinomctcr  with  a  resistance  Ihi\  and  \Mieatstone 
bridge,  is  .sometimes  employed;  but  this  metluxl  is  objectionable 
In-caiise  it  recjuires  a  sj>ecial  instrument  which  cannot  U*  »ise»l  for 
manv  other  puqM)ses.  I'urthermore.  it  retjuires  more  skill  and  time 
to  u.se  than  the  voltmeter  methotl,  which  will  now  Ix*  «le.scrilH"»l. 

The  advantage  of  the  voltmeter  metlxNl  is  that  it  re«|uires  men'ly 
a  (lire<t-current  voltmeter,  which  can  Ik-  )ise«l  for  many  ()ther  puqntses, 
anil  which  all  engineers  or  contnictors  should  |H)sse.ss,  together  with 
a  Ik»\  of  cells  having  a  |Nttetitial  of  preferal)ly  oxer  'M)  volts.  The  volt- 
meter slioidtl  havj- a  Muh*  of  not  over  l.'»()  volts,  for  the  n'ason  that  if 
the  scale  on  whicli  the  batter}'  is  use«l  covers  t(M)  wide  a  range  (sjjy 
l.fKK)  volts)  the  reiidings  might  \n-  so  small  as  to  make  the  test  inac- 
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curate.  A  good  arrangement  would  be  to  have  a  voltmeter  having 
two  scales — say,  one  of  60  and  one  of  600 — which  would  make  the 
voltmeter  available  for  all  practical  potentials  that  are  likely  to  be 
used  inside  of  a  building.  If  desired,  a  voltmeter  could  be  obtained 
with  three  connections  having  three  scales,  the  lowest  scale  of  which 
would  be  used  for  testing  insulation  resistances. 

Before  starting  a  test,  all  of  the  fuses  should  be  inserted  and 
switches  turned  on,  so  that  the  complete  test  of  the  entire  installation 
can  be  made.  \Mien  this  has  been  done,  the  voltmeter  and  battery 
should  be  connected,  so  as  to  obtain  on  the  lowest  scale  of  the  volt- 
meter the  electromotive  force  of  the  entire  group  of  cells.  This 
connection  is  shown  in  Fig.  33.     Immediately  after  this  has  been  done, 

the  insulation  resistance  to  be  tested 
is  placed  in  circuit,  whether  the 
insulation  to  be  tested  is  a  switch- 
board, slate  panel-board,  or  the 
entire  wiring  installation;  and    the 

^MMHMn'Hp connections  are  made  as  shown  in 

Fig.  34.  A  reading  should  then 
again  be  taken  of  the  voltmeter; 
and  the  leakage  is  in  proportion 
to  the  difference  between  the  first 
and  second  readings  of  the  volt- 
meter. The  explanation  given  below 
will  show  how  this  resistance  may  be  calculated :  It  is  evident  that 
the  resistance  in  the  first  case  was  merely  the  resistance  of  the  volt- 
meter and  the  internal  resistance  of  the  battery.  As  a  ruio,  the  internal 
resistance  of  the  battery  is  so  small  in  comparison  \k^ith  the  resistance 
of  the  voltmeter  and  the  external  resistance,  that  it  may  be  entirely 
neglected,  and  this  will  be  done  in  the  following  calculation.  In  the 
second  case,  however,  the  total  resistance  in  circuits  is  the  resistance 
of  the  voltmeter  and  the  battery,  plus  the  entire  insulation  resistance 
on  all  the  wires,  etc.,  connected  in  circuit. 

To  put  this  in  mathematical  form,  the  voltage  of  the  cells  may 
be  indicated  by  the  letter  E;  and  the  reading  of  the  voltmeter  when 
the  insulation  resistance  is  connected  by  the  circuit,  by  the  letter  E'. 
Let  R  represent  the  resistance  of  the  voltmeter  and  R^  represent  the 
insulation  resistance  of  the  installation  which  we  wish  to  measure. 


Fig.  33.     Connections  of  Voltmeter  and 

Battery  for  Testing  Insulation 

Resistance. 
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It  is  a  fatt  wliicli  t\\v  rcailrr  imdoiilitetlly  knows,  that  tin-  V..  M.  V.  as 
indicatttl  l>y  tlie  voltiiR'tiT  in  Fij^.  .'i4  is  inversely  |)r(»|xjrtiuiial  ti»  the 
resistanee:  that  is,  the  greater  the  resistarjc-c,  the  lower  will  l>e  the 
rt'a<ling  on  the  voltmeter,  as  this  reading  indicates  the  leakage  or  cur- 
rt'tit  passing  througit  the  resistance.  Putting  this  in  the  shafK*  of  a 
formula,  we  have  from  ilie  theory*  of  pnjportion : 
A':  A"  ::  J{  +  Itr  -.U; 


or, 

Transj)osing, 

and 


A'  A'  +  A'  lix  --  i:  R. 

A'  Ux  ^  E  K  -  E'  H  =  U  {E-E'\ 


Rx 


R(E-E') 
E' 


Or,  expressed  in  wonls,  the  insulation  resistance  is  ecjual  to  the  resist- 
ance of  the  volt- 
meter mulii plied  hy 
the  difference  be- 
tween the  first  read- 
ing (or  the  voltiige 
in  the  cells)  and 
the  second  reading 
(or  the  reading  of 
the  voltmeter  with 
the  insulation  re- 
sistance in  series  with  the  voltmeter),  divided  hy  this  last  reading  of 
the  voltmeter. 

Exatiiplc.  Assume  a  resistance  of  a  voltmeter  {li)  of  20.(KK)  ohms, 
and  a  V(»ltage  of  the  cells  (K)  of  30  volts;  and  suj)pose  that  the  insula- 
tion resistance  test  of  a  wiring  installation,  including  swif(hlM>ard, 
ffcilcrs,  hranch  circuits,  paiicl-hoanls,  cti-.,  is  to  he  made,  the  insula- 
tion resistance  Ki-iug  n-pn-M-nlcd  l>v  the  h-IItT  /i'^. .  Hv  substituting 
in  the  fonnula 


>*Bm3 


J-fiua 


Via.  3i.    Insulatluu  Kc.-,i^i;4iico  rUccU  lu  Circuit.  HiaJy  I.  r 
Testing. 


Rz  - 


R(E  -  A') 
A' 


and  a.ssuming  that  the  reading  of  tlic  MiJinntiT  widi  (he  iiisulaliou 
re.sistancc  comiotrd  is  .'>,  we  have: 

2(i.(MM)  V  (an-.i) 

l:      -  ,^    —  -  UMKHMInhtHM. 

.> 

If   llii    test  .shows  an  exce.s.sive  ammiiil  of  leakage,  or  a  ground  t>r 
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short  circuit,  the  location  of  the  trouble  may  be  determined  by  the 
process  of  elimination — that  is,  by  cutting  out  the  various  feeders 
until  the  ground  or  leakage  disappears,  and,  when  the  feeder  on  which 
the  trouble  exists  has  been  located,  by  following  the  same  process 
with  the  branch  circuits. 

Of  course,  the  larger  the  installation  and  the  longer  and  more 
numerous  the  circuits,  the  greater  the  leakage  will  be;  and  the  lower 
will  be  the  insulation  resistance,  as  there  is  a  greater  surface  exposed 
for  leakage.  The  Rules  of  the  National  Electric  Code  give  a  sliding 
scale  for  the  requirements  as  to  insulation  resistance,  depending  upon 
the  amount  of  current  carried  by  the  various  feeders,  branch  circuits, 
etc.  The  rule  of  the  National  Electric  Code  (No.  66)  covering  this 
point,  is  as  follows: 

"The  wiring  in  any  building  must  test  free  from  grounds;  i.  e.,  the  com- 
plete installation  must  have  an  insulation  between  conductors  and  between 
all  conductors  and  the  ground  (not  including  attachments,  sockets,  recepta- 
cles, etc.)  not  less  than  that  given  in  the  following  table: 

Up  to  5  amperes 4,000,000  ohms 

10        "         2,000,000     " 

25        "         800,000     " 

50        "         400,000     " 

100        "         200,000     " 

200        " 100,000     " 

400        "         50,000     " 

800        "         25,000     " 

"     1,600        "         12,500     " 

"The  test  must  be  made  with  all  cut-outs  and  safety  devices  in  place.  If 
the  lamp  sockets,  receptacles,  electroliers,  etc.,  are  also  connected,  only  one- 
half  of  the  resistances  specified  in  the  table  will  be  required." 

ALTERNATING-CURRENT  CIRCUITS 

It  is  not  within  the  province  of  this  chapter  to  treat  the  various 
alternating-current  phenomena,  but  simply  to  outline  the  modifications 
which  should  be  made  in  designing  and  calculating  electric  light 
wiring,  in  order  to  make  proper  allowance  for  these  phenomena. 

The  most  marked  difference  between  alternating  and  direct  cur- 
rent, so  far  as  wiring  is  concerned,  is  the  effect  produced  by  self- 
induction,  which  is  characteristic  of  all  alternating-current  circuits. 
This  self-induction  varies  greatly  with  conditions  depending  upon 
the  arrangement  of  the  circuit,  the  medium  surrounding  the  circuit, 
the  devices  or  apparatus  supplied  by  or  connected  in  the  circuit,  etc. 
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For  example,  if  a  coil  having  a  resistance  of  100  ohms  is  included  in 
t\\r  circuit,  a  iiirreiit  of  one  ampere  can  Ix-  pas.se«l  throujjh  the  coil 
with  an  electric  pressure  of  KJO  vtilts,  if  direct  current  is  use»l;  while 
it  mi^'ht  retjuire  a  jxitential  of  several  hundred  volts  to  puss  a  current 
of  one  ampere  if  alternatinji-current  were  uscxl,  depending  upon  the 
numl)er  of  turns  in  the  coil,  whether  it  is  wound  on  iron  or  s«jme  otiier 
non-magnetic  material,  etc. 

It  will  l)e  seen  from  this  example,  that  greater  allowance  should 
ix'  ma<le  for  self-induction  in  laying  out  an<l  calculating  alteniating- 
current  wiring,  if  the  conditions  are  such  that  the  self-induction  will 
be  aj)precial)le. 

On  account  of  self-induction,  the  two  wires  of  an  alteniating- 
current  circuit  must  never  l)e  installed  in  separate  iron  or  steel  con- 
duits, for  the  reason  that  such  a  circuit  would  \>e  virtually  a  choke  coil 
consistini:  of  a  sintrle  turn  of  wire  W(jund  on  an  iron  core,  and  the  self- 
induction  would  not  only  reduce  the  current  passing  thn)Ugh  the  cir- 
cuit, hut  also  might  priMluce  heating  of  the  iron  pi|x\  It  is  for  this 
R'ason  that  the  X at icmal  /'J/rc/r/r  C We  re(|U ires  conductors  constitut- 
ing a  given  circuit  to  he  placed  in  the  same  conduit,  if  that  conduit 
is  iron  or  steel,  whenever  tho  said  circuit  is  intendc^l  to  carr)',  or  is 
liable  to  carry  at  some  futur^  time,  an  alternating  current.  This  dcxvs 
not  mean,  in  the  case  of  a  two-phase  circuit,  that  all  four  conductors 
need  Ik;  placed  in  the  same  conduit,  hut  that  the  two  conductors  of  a 
given  phase  nmst  he  plactnl  in  the  same  conduit.  If,  however,  the 
thn'c-wire  system  l)e  used  for  a  two-phase  system,  all  thrcv  conductors 
should  Ix'  j>lace«l  in  the  .siime  conduit,  as  should  also  Ix'  the  case  in  a 
three-wire  three-phase  system.  Of  course,  in  a  single-pha.se  tw<)-  or 
three-wire  svstem,  the  conductors  should  all  he  placed  ii\  the  s;ime 
conduit. 

In  calculating  circuits  earning  alternating  <  urrcnt,  no  allowance 
usuallv  shoulil  Ik  made  for  self-in«luction  when  the  conductors  of  the 
siiine  circuit  are  |>laccd  close  together  in  an  iron  conduit.  When, 
however,  the  conductors  are  run  exposed,  or  are  separattsl  fn»m  each 
other,  calculation  should  In-  made  to  dcterniine  if  the  elT«'ets  of  .self- 
induction  are  great  enough  U)  cause  an  appreeiahle  inductive  iln>j). 
There  are  .sevend  metlxKls  of  calculating  this  drop  due  to  .self-induc- 
tion one  t>v  fornnda,  and  oiu*  t>y  a  mathematical  nietho«l  whith  will 
Ix'  de.scrilx^d. 


51 


42 


ELECTRIC  WIRING 


Skin  Effect.  Skin  effect  in  alternating-current  circuits  is  caused 
by  an  incorrect  distribution  of  the  current  in  the  wire,  the  current 
tending  to  flow  through  the  outer  portion  of  the  wire,  it  being  a  well- 
known  fact  that  in  alternating  currents,  the  current  density  decreases 
toward  the  center  of  the  conductor,  and  that  in  large  wires,  the  current 
density  at  the  center  of  the  conductoris  relatively  quite  small. 

The  skin  effect  increases  in  proportion  to  the  square  of  the  diam- 
eter, and  also  in  direct  ratio  to  the  frequency  of  the  alternating  current. 

For  conductors  of  No.  0000  B.  &  S.  Gauge,  and  smaller,  and  for 
frequencies  of  60  cycles  per  second,  or  less,  the  skin  effect  is  negligible 
and  is  less  than  one-half  of  one  per  cent. 

For  veiy  large  cables  and  for  frequencies  above  60  cycles  per 
second,  the  skin  effect  may  be  appreciable;  and  in  certain  cases,  allow- 
ance for  it  should  be  made  in  making  the  calculation.  In  ordinary 
practice,  however,  it  may  be  neglected.  Table  IX,  taken  from  Alter- 
nating-Current Wiring  and  Distribution,  by  W.  R.  Emmet,  gives  the 
data  necessary  for  calculating  the  skin  effect.  The  figures  given  in 
the  first  and  third  columns  are  obtained  by  multiplying  the  size  of  the 
conductor  (in  circular  mils)  by  the  frequency  (number  of  cycles  per 
second);  and  the  figures  in  the  second  and  fourth  columns  show  the 
factor  to  be  used  in  multiplying  the  ohmic  resistance,  in  order  to 
obtain  the  combined  resistance  and  skin  effect. 

TABLE  IX 
Data  for  Calculating  Skin  Effect 


Product   of   Circular 
Mils  X  Cycles  per  Sec. 

Factor 

Product   of   Circular 
Mils  X  Cycles  per  Sec. 

Factor 

10,000,000 
20,000,000 
30,000,000 
40,000,000 
50,000,000 
60,000,000 

1.00 
1.01 
1.03 
1.05 
1  .08 
1.10 

70,000,000 

80,000,000 

90,000,000 

100,000,000 

125,000,000 

150,000,000 

1.13 
1.17 
1.20 
1.25 
1.34 
1.43 

The  factors  given  in  this  table,  multipUed  by  the  resistance  to  direct  cur- 
rents, will  give  the  resistance  to  alternating  currents  for  copper  conductors  of 
circular  cross-section. 

Mutual  Induction.  Wlien  two  or  more  circuits  are  run  in  the 
same  vicinity,  there  is  a  possibility  of  one  circuit  inducing  an  electro- 
motive force  in  the  conductors  of  an  adjoining  circuit.  This  effect 
may  result  in  raising  or  lowering  the  E.  M.  F.  in  the  circuit  in  which  a 
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nuitual  iiidiutioii  takes  place.  The  aiiioimt  of  this  iiuhjce*!  K.  M.  F. 
set  u|)  in  one  eiiruit  by  a  parallel  eiirrent,  is  «le|K'iitlent  ujmjii  ihe  rur- 
reiit,  the  fre<|ueiK  v,  the  leri^'ths  of  the  eireiiits  running  parallel  to  each 
other,  and  the  relative  j)<)sitions  of  the  comluctors  constituting  the 
sjiid  circuits. 

I'nder  onlinan'  con<litions,  and  except  for  long  circuits  earning 
high  |)otentials,  the  ellVct  of  nnitual  induction  is  so  slight  as  to  be 
negligible,  uide.ss  the  conductors  are  improperly  arrangetl.  In  order 
to  prevent  mutual  induction,  the  conductors  constituting  a  given 
circuit  should  be  ^'mupcd  together.     Figs.  'A'>  to  iil),  inclusive,  show 
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Various  Groupings  of  Conduciors  In  Two  Tw<>-\Vlro  Olriulis,   iJlvlUK    Vurlous 
KffecU  of  luiluciioii. 

five  arrangetncnts  of  two  two-wire  circuits;  and  show  how  relatively 
small  the  clVect  of  first  induction  is  when  the  conductors  are  j)nnH.Tly 
arrange<l,as  in  Fig.  .'W,  and  how  relativ«'ly  large  it  may  Ik>  when  im- 
pro|»erlv  arnmgetl,  as  in  Fig.  3".).  'i'hc.sc  «liagrams  are  taken  fn)in 
a  jiublication  of  Mr.  Charles  F.  Scott,  entitlitl  roh/pliasr  Tran.t- 
mi.i.Hi(m,  i.ssunl  by  the  Westinghouse  Fleclric  \-  Manufacturing 
Compaiiv. 

Line  Capaeil).  'I'lie  elbct  of  (apatity  is  usually  negligible, 
except  in  long  tninsini.ssion  lines  where  high  jHitj-ntials  an*  u.se«l;  iu» 
calculations  or  alIowan<e  need  Ih"  m;idc  for  capacily.  for  onlinar}' 
circuits 
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Calculation  of  Alternating=Current  Circuits.  In  the  instruction 
paper  on  "Power  Stations  and  Transmission,"  a  method  is  given  for 
calculating  alternating-current  lines  by  means  of  formulae,  and  data  are 
given  regarding  power  factor  and  the  calculation  of  both  single-phase 
and  polyphase  circuits.  For  short  lines,  secondary  wiring,  etc.,  how- 
ever, it  is  probably  more  convenient  to  use  the  chart  method  devised 
by  ISIr.  Ralph  D.  Mershon,  described  in  the  Aifmrican  Electrician  of 
June,  1897,  and  partially  reproducefl  as  follows: 

DROP  IN  ALTERNAT1NQ=CURRENT  LINES 

When  alternating  currents  first  came  into  use,  when  transmission 
distances  were  short  and  the  only  loads  carried  were  lamps,  the  ques- 
tion of  droip  or  loss  of  voltage  in  the  transmitting  line  was  a  simple  one, 
and  the  same  methods  as  for  direct  current  could  without  serious 
error  be  employed  in  dealing  with  it.  The  conditions  existing  in 
alternating  practice  to-day — longer  distances,  polyphase  circuits, 
and  loads  made  up  partly  or  wholly  of  induction  motors — render 
this  question  less  simple;  and  direct-current  methods  applied  to  it 
do  not  lead  to  satisfactory  results.  Any  treatment  of  this  or  of 
any  engineering  subject,  if  it  is  to  benefit  the  majority  of  engineers, 
must  not  involve  groping  through  long  equations  or  complex  diagrams 
in  search  of  practical  results.  The  results,  if  any,  must  be  in  avail- 
able and  convenient  form.  In  what  follows,  the  endeavor  has  b3en 
made  to  so  treat  the  subject  of  drop  in  alternating-current  lines  that 
if  the  reader  be  grounded  in  the  theor}-  the  brief  space  devoted  to 
it  will  suffice;  but  if  he  do  not  comprehend  or  care  to  follow  the 
simple  theory'  involved,  he  may  nevertheless  turn  the  results  to  his 
practical  advantage. 

Calculation  of  Drop.  Most  of  the  niatter  heretofore  published 
on  the  subject  of  drop  treats  only  of  the  inter-relation  of  the  E.  M.  F.'s 
involved,  and,  so  far  as  the  writer  knows,  there  have  not  appeared 
in  convenient  form  the  data  necessarj-  for  accurately  calculating  this 
quantity.  Table  X  (page  47)  and  the  chart  (page  46)  include,  in  a 
form  suitable  for  the  engineer's  pocketbook,  everj^thing  necessary 
for  calculating  the  drop  of  alternating-current  lines. 

The  chart  is  simply  an  extension  of  the  vector  diagram  (Fig.  40). 
giving  the  relations  of  the  E.  M.  F.'s  of  line,  load  and  generatoi.    In 
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Fij;.  40,  F.  is  the  geru-mtur  !•'.  M.  V.;  e,  the  E.  M.  V.  iinprcsse*!  upon 
the  load;  c,  that  coinixiiifiit  of  /.,'  wliich  ovircoiucs  the  hack  E.  M.  F. 
(hie  to  the  iin|H'«hin(e  of  the  line.  The  conijxinent  c  is  made  up  of  two 
components  at  rifjht  angles  to  each  other.  One  is  a,  the  component 
overcoming  the  III  or  hack  E.  M.  F.  due  to  resistance  of  the  line. 
The  other  is  b,  the  component  overcoming  the  reactance  E.  M.  F.  or 
hack  E.  M.  ¥.  due  to  the  alternating  field  set  up  around  the  wire  by 
the  current  in  the  wire.  The  drop  is  the  difl'crence  l)etwet'n  /•'  an<l 
<•.  It  is  d,  the  radial  ilistance  In-twcen  two  circular  arcs,  one  of  which 
is  drawn  with  a  radius  c,  and  the  other  with  a  radius  E. 

The  chart  is  made  by  striking  a  succession  of  circular  arcs  with 
0    as   a   c  c  n  t  e  r.  ^ 

The  radius  of  the 
smallest  circle  cor- 
resj)onds  to  c,  the 
K.  M.  F.  of  the 
load,  which  is  taken 
as  100  per  cent. 
The  radiiof  the  suc- 
cetnling  circles  in- 
crease by  1  per  cent 
of  that  of  the  small- 
est circle;  and,  as 
the  radius  of  the 
last  or  largest  cir- 
cle is  1-10  per  cent 
of  that  of  the  smallest,  the  chart  answers  for  drops  up  to  10  j)er  cent  of 
theE.  M.  l\.l.liv»nd. 

The  terms  rt.ti.itattrr  ro/Z.v,  rc.si.'^taurr  K.  M.  /•'.,  rcaciance  ro//.*, 
and  riartmicr  E.  M.  F.,  refrr,  of  course,  to  the  volfagi's  for  overcom- 
ing the  back  E.  M.  V.'s  t\\w  to  resistance  and  reactance  respectively. 
The  figun-s  givtii  in  the  table  under  the  heading  *'lu-sistance-Volts 
for  ( )ii«-  .\m|MTe,  rtv."  are  simply  the  resistances  of  L'.OOO  frt-t  of  the 
various  sizes  of  wire.  The  values  given  midcr  ihi-  heading  "Keact- 
unce-\'olts,  etc.,"  are,  a  part  of  (hem,  cal<ula(«tlfrom  tabl«-s  pultli>ln>»l 
some  time  ago  by  Messrs.  Ibmston  and  Kcmielly.  The  remainder 
were  obtained  by  using  Maxwell's  fnrmida. 

The   explanation    givni    in    the    table   act  onipain  iiig    tin-    ihart 
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LOAD  POWER  FACTORS  DROP  IN  PERCENT  OF  E.n.F.  OEUVEREO 

Chart  for  Calculating  Drop  in  Alternating-Current  Lines. 
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TAiii.i:  X 

Data  t«>r  Calculating  Drop  in  AltcmatinK-Currctit  Lines 
To  be  used  In  conjunction  wltb  Cbart  on  opposite  page. 
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(Table  X)  is  thought  to  be  a  sufficient  guide  to  its  use,  but  a  few 
examples  may  be  of  value. 

Problem.  Power  to  be  delivered,  250  K.W.;  E.  M.  F.  to  be  delivered, 
2,000  volts;  distance  of  transmission,  10,000  feet;  size  of  wire.  No.  0;  distance 
between  wires,  18  inches;  power  factor  of  load,  .8;  frequency,  7,200  alterna- 
tions per  minute.     Find  the  line  loss  and  drop. 

Remembering  that  the  power  factor  is  that  fraction  by  which 

the  apparent  power  of  volt-amperes  must  be  multiplied  to  give  the 

true  power,  the  apparent  power  to  be  delivered  is 

250  K.W.     ■      _  _  ,  TTw 
=312.5  apparent  KW. 

The  current,  therefore,  at  2,000  volts  will  be 

312,500     ._  _, 
2  000    =  ^'^^  ■  25  amperes. 

From  the  table  of  reactances  under  the  heading  "18  inches,"  and 
corresponding  to  No.  0  wire,  is  obtained  the  constant  .228.  Bearing 
the  instructions  of  the  table  in  mind,  the  reactance-volts  of  this  line 
are,  156.25  (amperes)  X  10  (thousands  of  feet)  X  .228  =  356.3  volts, 
which  is  17.8  per  cent  of  the  2,000  volts  to  be  delivered. 

From  the  column  headed  "Resistance- Volts"  and  corresponding 
to  No.  0  wire,  is  obtained  the  constant  .197.  The  resistance-volts 
of  the  line  are,  therefore,  156.25  (amperes)  X  10  (thousands  of  feet) 
X  .197=307.8  volts,  which  is  15.4  per  cent  of  the  2,000  volts  to  be 
delivered. 

Starting,  in  accordance  with  the  instructions  of  the  table,  from 
the  point  where  the  vertical  line  (which  at  the  bottom  of  the  chart 
is  marked  "Load  Power  Factor"  .8)  intersects  the  inner  or  smallest 
circle,  lay  oflf  horizontally  and  to  the  right  the  resistance-E.  M.  F.  in. 
per  cent  (15.4);  and  from  the  point  thus  obtained,  lay  off  vertically  the 
reactance-E.  M.  F.  in  per  cent  (17.8).  The  last  point  falls  at  about 
23  per  cent,  as  given  by  the  circular  arcs.  This,  then,  is  the  drop,  in 
per  cent,  of  the  E.  M.  F.  delivered.  The  drop,  in  per  cent,  of  the  genera- 
tor E.  M.  F.  is,  of  course, 

23  .^  „ 

—— - — --  =  18.  /  per  cent. 
100+23  ^ 

The  percentage  loss  of  power  in  the  line  has  not,  as  with  direct 
current,  the  same  value  as  the  percentage  drop.  This  is  due  to  the 
fact  that  the  line  has  reactance,  and  also  that  the  apparent  power 
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(Iflivtriil  tu  tlir  load  is  not  iiU-iitical  with  ilu-  triu'  |)o\vfr— tlmt  Is, 

the  load  powt-r  fa(  tor  is  h-ss  tliaii  unity.     'Vhv  loss  must  l>e  ohtaintil 

by  c-alculatiiij;  /-  11  for  tiie  line,  or,  what  amounts  to  tlie  s;imc  tliin;^, 

by  multiplyinij  the  resistance-volts  by  the  lurrent. 

The   resistance-volts   in   this  case  are  .'iOT.S,  an<l    the   current 

1  .')(■.. 2.')  amjjeres.     The  loss  u  307. S  X  ir>(i.2:j-  IS.  1   K.  W.     The 

jx-rcentagc  loss  is 

48.1  ...  , 

•=  l().l  i)er  cent. 

250+48.1  ' 

Thereft)re,  for  the  problem  taken,  the  drop  is  IS. 7  j)er  cent,  and  the 

loss  is  10 . 1  per  cent.     If  the  j)robieni  Ik,*  to  find  the  size  wire  for  a  pven 

drop,  it  must  Ihj  solvetl  by  trial.     A.ssume  a  size  of  wire  and  calculate 

the  dn)p;  the  result  in  coimection  with  the  table  will  show  thedirin-tion 

and  extent  of  the  change  necessiir^'  in  the  .size  of  wire  to  give    the 

retjuireil  drop. 

The  etfect  of  the  line  reactance  in  increasing  the  drop  should  l>e 

note<l.     If  there  were  no  reactance,  the  «lroj)  in  the  al»ove  cxanijije 

would  Ije  given  by  the  point  obtained  in  laying  off  on  the  chart  the 

resistance-E.  M.  F.  (15.4)  only.    This  point  falls  at  12.4  per  cent, 

and  the  <lnpp  in  ternis  of  the  generator  1'.  M.  F.  would  be 

12-1 

=     11  i)cr  cent,  instead  of  IS. 7  i)er  cent. 
112.4  '  ' 

Anvthing  therefore  which  v»iil  reduce  reactance  is  desirable. 

Reactance  can  l)e  reihucd  in  two  ways.  One  of  the.se  is  to 
dimini.sh  the  distance  l)etween  wires.  The  extent  to  which  this  can 
Ih"  carrini  is  limitnl,  in  the  ca.se  of  a  pole  line,  to  the  least  di.-tance  at 
which  the  wires  are  .sjife  from  swinging  together  in  the  middle  of  the 
.span;  in  inside  wiring,  by  the  danger  from  lire.  The  other  way  of 
n-ducing  reactance  is  to  split  the  co|)pcr  up  into  a  greater  numl>er  of 
circuits,  and  arrange  these  circuits  .so  that  there  is  no  indu<-tive  inter- 
action. For  instance,  supjMi.se  that  in  the  example  workitl  out  alntve, 
two  No.  •{  wires  wen*  u.sed  instead  of  one  No.  0  wire.  'I'he  ivsislanee- 
volts  would  Ih'  pnicticatlly  the  .sjiine,  but  the  reactance-volts  would  Ik* 

.244 

less  in  the  nilio  \  X    .^., -,  ^  .5.15,  since  each  circuit  would  U-ar  half  the 

curniit  the  .No.  0  circuit  <loes,  and  tin*  constiint  for  No.  .'>  wire  i.--  .24  I, 
instead  of  .228 — that  for  No.  0.  The  elTect  of  .suUlividing  (he  ctip|H'r 
i.s  al.so  shown  if  in  (In-  example  given  it  is  <le>ir«tl  to  rttluce  the  dn>p 
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to,  say,  one-half.  Increasing  the  copper  from  No.  0  to  No.  0000  will 
not  produce  the  required  result,  for,  although  the  resistance-volts  will 
be  reduced  one-half,  the  reactance-volts  will  be  reduced  only  in  the 
ratio  .212^     If,  however,  two  inductively  independent  circuits  of  No.  0 

.228 
wire  be  used,  the  resistance-  and  reactance-volts  will  both  be  reduced 
one-half,  and  the  drop  will  therefore  be  diminished  the  required 
amount. 

The  component  of  drop  due  to  reactance  is  best  diminished  by  sub- 
dividing the  copper  or  by  bringing  the  conductors  closer  together.  It 
is  little  affected  by  change  in  size  of  conductors. 

An  idea  of  the  manner  in  which  changes  of  power  factor  affect 

drop  is  best  gotten  by  an  example.     Assume  distance  of  transmission, 

distance  between  conductors  E.  M.  F.,  and  frequency,  the  same  as  in 

the  previous  example.     Assume  the  apparent  power  delivered  the 

same  as  before,  and  let  it  be  constant,  but  let  the  power  factor  be  given 

several  different  values;  the  true  power  will  therefore  be  a  variable 

depending  upon  the  value  of  the  power  factor.     Let  the  size  of  wire 

be  No.  0000.     As  the  apparent  power,  and  hence  the  current,  is  the 

same  as  before,  and  the  line  resistance  is  one-half,  the  resistance- 

E.  M.  F.  will  in  this  case  be 

15  4 

-— ,  or  7 . 7  per  cent  of  the  E.  M.  F.  delivered. 

Also,  the  reactance-E.  M.  F.  will  be 

.212X17.8      ,.  _ 

228 =16.5  per  cent. 

Combining  these  on  the  chart  for  a  power  factor  of  .4,  and  deducing 
the  drop,  in  per  cent,  of  the  generator  E.  M.  F.,  the  value  obtained  is 
15.3  per  cent;  with  a  power  factor  of  .8,  the  drop  is  14  per  cent; 
with  a  power  factor  of  unity,  it  is  8  per  cenl.  If  in  this  example  the 
true  power,  instead  of  the  apparent  power,  had  been  taken  as  constant, 
it  is  evident  that  the  values  of  drop  would  have  differed  more  widely, 
since  the  current,  and  hence  the  resistance-  and  reactance-volts, 
would  have  increased  as  the  power  factor  diminished.  The  condition 
taken  more  nearly  represents  that  of  practice. 

If  the  line  had  resistance  and  no  reactance,  the  several  values 
of  drop,  instead  of  15.3,  14,  and  8,  would  be  3.2,  5.7,  and  7.2  per 
cent  respectively,  showing  that  for  a  load  of  lamps  the  drop  will  not 
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Ix-  imicli  iiicTi-asttl  l)y  rcactaiice;  hut  that  with  a  loail,  siirh  as  iinhu'- 
tion  niDtors,  whose  jjowit  factor  is  li-ss  than  unity,  care  shouM  U 
tiiki-n  to  ki'cj)  the  reactancf  as  low  as  practii-ahle.  In  all  cast's  it  is 
udvisaMc  to  place  conductors  as  close  togetlier  as  gooti  practic-u  will 
permit. 

Wjirn  there  is  a  transformer  in  circuit,  and  it  is  desire<l  to  olitain 
the  comhineil  drop  of  transformer  and  line,  it  is  necessary-  to  know 
the  resistance-  and  reactance-volts  of  the  transformer.  The  resist- 
ance-volts of  the  comhination  of  line  and  transformer  are  the  sum  of 
the  resistance-volts  of  the  line  and  the  resistance-vcdts  of  the  trans- 
former. Similarly,  the  reactance-volts  of  the  line  an<l  tnmsfonner 
are  the  sum  of  their  respective  reactance-volts.  The  resistance-  and 
reactance-K.  M.  F.s  of  transformers  may  usually  be  ohtaininl  from 
the  makers,  and  are  ordinarily  given  in  per  cent.*  These  jkt- 
cetitages  express  the  values  of  the  resistance- and  reactance-K.  M.  F.'s 
when  the  transformer  delivers  its  normiA  full-load  current;  and  they 
express  these  values  in  terms  of  the  normal  nu-lixul  K.  M.  V.  of  the 
tninsformer. 

Consider  a  transformer  l)uilt  for  transformation  In'tween  1,(KX) 
and  100  volts.  Suppo.se  the  resistance-  and  reactance-E.  M.  F.'s  given 
are  2  j)er  cent  and  7  per  cent  respectively.  Then  the  corresjM)nding 
voltages  when  the  transformer  delivers  full-load  current,  are  2  and  7 
volts  or  20  and  70  volts  according  as  the  line  whose  drop  is  re<|uinHl 
is  connecte<l  to  the  low-voltage  or  high-voltage  terminals.  These 
values,  2 — 7  and  20—70,  hold,  no  matter  at  what  voltage  the  trans- 

•Wlion  tlic  ro<|uir<Hl  viiluos  rannnt  ho  ol>taino<l  friin>  tlio  niakrrs.  thoy  may  l>« 
mPaHUn'il  .Mi'ii.Hur«  the  ri«islun(-<>  nf  Ixitli  roils.  If  tlio  liiu>  to  Im' cnlciiluKNl  1a  uttnclinf 
to  tim  lilk'li-viiltaKK  tiTiiilnulM  of  tho  truiisrornicr,  tlio  ('<|iiivuliMit  ntiintiiiuv  U  thul  of  tin 
hiR>i-voUuKO  coil.  i>/u«  tho  roMlNlmicn  ohtuliml  by  inrrrtmimi  ill  tlictMiuttro  of  tlic  ratio  of 
traiiHforiimtion  tho  iiiotutumi  r<«iNtaii('«  of  tho  Iow-voIUiko  ooll  That  Lh.  If  tho  ratio  ot 
Iraiisf  '     in.  tho  o<tiilvuli>iit   nslst;mro  r*>fi«rro<l  to  tho  li'    '        '•  clri'ult    U 

tho  r>  >io  hii;li-vo|l:iK<<  •-oil.  ;'/«•  11)0  tinii<N  that  of  tho  I  '>ll      ThU 

i><|ulv  iiico     inultlplioil   liy   tlu-   hiKh- voltiiKO  oiirroiit    .  •  f.iiisformor 

rmijitttiuivviiltK  n'forr<«il  to  tho  liiKh-voliiiuo  I'irciilt.  Siiiilliirly.  tho  t^iunalont  rwUt- 
»nrt>  rofom<<l  to  tho  low-voltuKo  cln'iill  Im  tho  roNiHinix-o  of  ilio  |ow-vo|iatni  ci\l\,  plu*  that 
of  tho  hlKh  voltuk'i' ..ill  r,./i,.r./ In  1)  .  ■  ■  ■  •     ' 

of  roiinuv  from  tliU.  thai  IIk'  miIih 
lionr  to  oa<-h  oiIht  tho  ruiloof  ir;i' 

rimilt  otio  n>ll  of  tho  traiUkfnnnor  aixl  niouMiiro  ttio  voltoitt'  iu"«Toi«Miry  t<»  (on-«'  ihniuKli 
tho  olh'T  i-oll  1'^  nornml  oiirront  nt  imnnnl  fr<'<iM"'"'V  Tho  nviiill  !•«  nonrly  oiiointli. 
Hk'  pi  •  III!  n^ulla 

Klltllll  I. Ill  If    It 

rl<«««'  N    .  -  , ...jrojif  ilto 

r»ntlanc»-y olUt.  and  tako  tho  aijuarv  root  of  tho  (IllTormu^  m  tli«  nwrt«uc<vvii|i« 
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former  is  operated,  since  they  depend  only  upon  the  strength  of  cur- 
rent, providing  it  is  of  the  normal  frequency.  If  any  other  than  the 
full-load  current  is  drawn  from  the  transformer,  the  reactance-  and 
resistance-volts  will  be  such  a  proportion  of  the  values  given  above 
as  the  current  flowing  is  of  the  full-load  current.  It  may  be  noted,  in 
passing,  that  when  the  resistance-  and  reactance-volts  of  a  trans- 
former are  known,  its  regulation  may  be  determined  by  making  use 
of  the  chart  in  the  same  way  as  for  a  line  having  resistance  and 
reactance. 

As  an  illustration  of  the  method  of  calculating  the  drop  in  a 
line  and  transformer,  and  also  of  the  use  of  table  and  chart  in  calculat- 
ing low-voltage  mains,  the  following  example  is  given : 

Problem.  A  single-phase  induction  motor  is  to  be  supplied  with  20  am- 
peres at  200  volts;  alternations,  7,200  per  minute;  power  factor,  .78.  The 
distance  from  transformer  to  motor  is  150  feet,  and  the  line  is  No.  5  wire,  6 
inches  between  centers  of   conductors.     The  transformer  reduces  in  the  ratio 

— — ,  has  a  capacity  of  25  amperes  at   200  volts,  and,  when  delivering  this 

current  and  voltage,  its  resi?tance-E.  M.  F.  is  2.5  per  cent,  its  reactance- 
E.  M.  F.  5  per  cent.     Find  the  drop. 

The  reactance  of  1,000  feet  of  circuit  consisting  of  two  No.  5 
wires,  6  inches  apart,  is  .204.     The  reactance-volts  therefore  are 

.204  X  j^X  20=  .61  volts. 

The  resistance-volts  are 

.627  X  -^  X  20  =  1.88  volts. 
1,000 

At  25  amperes,  the  resistance-volts  of  the  transformer  are  2.5  per 

20 
cent  of  200,  or  5  volts.    At  20  amperes,  they  are  ^  of  this,  or  4  volts. 

Similarly,  the  transformer  reactance-volts  at  25  amperes  are  10, 
and  at  20  amperes  are  8  volts.  The  combined  reactance-volts  of 
transformer  and  line  are  8  +  .61  =  8.61,  which  is  4.3  per  cent  of 
the  200  volts  to  be  delivered.  The  combined  resistance-volts  are  1.88 
-1-4,  or  5.88,  which  is  2.94  per  cent  of  the  E.  M.  F.  to  be  delivered. 
Combining  these  quantities  on  the  chart  with  a  power  factor  of  .78, 
the  drop  is  5  per  cent  of  the  delivered  E.  M.  F., 

or  —  =  4.8  per  cent 
105  ^ 

of  the  impressed  E.  M.  F.    The  transformer  must  be  supplied  with 
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2,000      .,  ,,^,      ,, 
— — ■  =2,100  volts, 
.952 

in  onliT  that  200  volts  .sliall  be  drlivert'*!  to  the  motor. 

Talile  X  (|)age  17)  is  made  out   for  7,2(JO  alteriuitions,  hut  will 

an.s\ver  fur  aiiv  othtr  iiuiiilur  if  the  values  for  reaetaiice  be  changed 

in  direct    j)n>j)nrti()ii    to  tlie  eiiange  in   alternations.     For  instanee, 

II,  .  I      KJ.OOO 

for    H'i,(MM»   alternations,    miMti|)ly  the    reactances   given    by    „^ 

For  other  distances  l)et\veen  centers  of  conductors,  interpolate  the 
values  given  in  the  table.  As  the  reactance  values  for  ditrerent  sizes 
of  wire  change  by  a  constant  amount,  the  table  can,  if  desired,  \>e 
reailily  extended  for  larger  or  smaller  conductors. 

The  table  is  baseil  on  the  assumption  of  sine  currents  and 
E.  M.  F.'s.  The  best  practice  of  to-ilay  pHnluces  machines  which 
so  closely  approximate  this  condition  that  results  obtaine<l  by  the 
alxjve  metlKMls  are  well  within  the  limits  of  practical  recjuirements. 

Polyphase  Circuits.  .So  far,  single-phase  circuits  oidy  have 
been  dealt  w ith.  A  simple  extension  of  the  metluxls  given  alj<ne 
adapts  them  to  the  calculation  of  polyphase  circuits.  A  four-wire 
quarirr-phasc  (two-phase)  tninsmission  may,  so  far  as  lo.ss  and  reguhi- 
tion  are  concenietl,  be  replaced  by  two  single-phase  circuits  itientical 
(as  to  size  of  wire,  distance  between  wires,  current,  and  E.  M.  F.) 
with  the  two  circuits  of  the  ([uarter-phase  transmission,  providinl  that 
in  lK)th  cases  there  is  no  inductive  interaction  l>etwc*en  circuits.  There- 
fore, to  calculate  a  four-wire,  (piarter-phase  transmission,  compute 
the  single-phase  circuit  recpiiretl  to  transmit  one-half  the  power  at 
the  same  voltage.  The  (juarler-phase  transmission  will  rc«|uire  two 
such  circuits. 

.\  three-wire,  tfirci'-pha.sc  tninsmission,  of  which  the  conductors 
are  symmetrically  relateil,  may,  so  far  as  loss  and  regulation  are 
concerned,  be  nplaceil  by  two  single-phase  circuits  having  no  in- 
ductive interaction,  and  identical  with  the  tliree-j)hase  line  as  to 
si/e,  wire,  and  distance  Itetwi-en  win-s.  Therefore,  to  calculate  a 
three-pha.se  transmi.ssion,  calculate  a  singh'-phaM*  circuit  to  ca-r»- 
one-half  the  load  at  the  siinie  voltage.  The  tlm'e-pha.s»>  transinis- 
sion  will  re(|uire  three  win-s  of  the  size  and  tlislaiice  In'twirn  centers 
as  obtainni  for  the  single-pha.sc. 

.1    thre«--wire.     iwo-j»lia.sr      transmission     may     U-     calculaletl 
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exactly  as  regards  loss,  and  approximately  as  regards  drop,  in  the 
same  way  as  for  three-phase.  It  is  possible  to  exactly  calculate 
the  drop,  but  this  involves  a  more  complicated  method  than  the 
approximate  one.  The  error  by  this  approximate  method  is  gen- 
erally small.  It  is  possible,  also,  to  get  a-  somewhat  less  drop  and 
loss  with  the  same  copper  by  proportioning  the  cross-section  of 
the  middle  and  outside  wires  of  a  three-wire,  quarter-phase  circuit 
to  the  currents  they  carry,  instead  of  using  three  wires  of  the  same 
size.  The  advantage,  of  course,  is  not  great,  and  it  will  not  be  con- 
sidered here. 

WIRING  AN  OFFICE  BUILDING 

The  building  selected  as  a  typical  sample  of  a  wiring  installation 
is  that  of  an  office  building  located  in  Washington,  D.  C.  The  figures 
shown  are  reproductions  of  the  plans  actually  used  in  installing  the 
work. 

The  building  consists  of  a  basement  and  ten  stories.  It  is  of 
fireproof  construction,  having  steel  beams  with  terra-cotta  flat  arches. 
The  main  walls  are  of  brick  and  the  partition  walls  of  terra-cotta 
blocks,  finished  with  plaster.  There  is  a  space  of  approxnnately  five 
inches  between  the  top  of  the  iron  beams  and  the  top  of  the  finished 
floor,  of  which  space  about  three  inches  was  available  for  running 
the  electric  conduits.  The  flooring  is  of  wood  in  the  offices,  but  of 
concrete,  mosaic,  or  tile  in  the  basement,  halls,  toilet-rooms, 
etc. 

The  electric  current  supply  is  derived  from  the  mains  of  the  local 
illuminating  company,  the  mains  being  brought  into  the  front  of  the 
building  and  extending  to  a  switchboard  located  near  the  center  of  the 
basement. 

As  the  building  is  a  veiy  substantial  fireproof  structure,  the  only 
method  of  wiring  considered  was  that  in  which  the  circuits  would  be 
installed  in  iron  conduits. 

Electric  Current  Supply.  The  electric  current  sjpply  is  direct 
current,  two-wire  for  power,  and  three-wire  for  lighting,  having  a 
potential  of  236  volts  between  the  outside  conductors,  and  118  volts, 
between  the  neutral  and  either  outside  conductor. 
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S\Niklib()an.l.  <  )ii  tlif  switrhlxjanl  in  the  hasemcnt  are  muunted 
wattmeters,  pnjvidwl  \>y  the  lotal  electric  company,  and  die  various 
switches  re(juire«l  for  tlie  control  and  ofK-nition  of  the  lighting;;  and 
p<jwer  feetlers.  There  are  a  total  (jf  ten  triple-p<jle  switches  for  light- 
ing, and  eighteen  for  power.  An  indicating  voltmeter  and  ampere 
meter  are  also  place<l  in  the  switchl»oanl.  A  voltmeter  is  providetl 
with  a  double-throw  switch,  and  so  arrangetl  as  to  measure  the  |)otcn- 
tial  across  the  two  outside  conductors,  or  Ijetwcen  the  neutral  con- 
(luctor  and  eitlier  of  the  outside  conductc^rs.  The  ampere  meter  is 
arrange<l  with  two  shunts,  one  'xiiig  j)]acetl  in  each  outside  leg;  the 
shunts  are  connected  wiiii  a  (ioiiliji-ixik',  doul)lc-tlirow  switch,  so 
that  the  ampere  meter  can  he  coniicctetl  to  either  shunt  and  thus 
measure  flic  current  supplie<l  on  each  side  of  the  svstem. 

Character  of  Load.  The  building  is  occupietl  partly  as  a  news- 
paper oliice,  and  there  arc  several  large  presses  in  addition  to  the  usual 
linotype  machines,  trinuners,  shavers,  cutters,  saws,  etc.  There  are 
also  electrically-iiriven  exhaust  fans,  house  pumps,  air-compressors, 
etc.  The  upper  portion  of  the  building  is  almost  entirely  dcvotwl 
to  offices  renteii  to  outside  parties.  The  total  numl>er  of  motors 
supplie<l  was  55;  and  the  total  number  of  outlets,  1,100,  supplving 
2,400  incandescent  lamps  and  4  arc  lamps. 

Feeders  and  A\ains.  The  arrangement  of  the  various  feetlers 
mill  mains,  the  cut-out  centers,  mains,  etc.,  which  they  supply,  are 
shown  diagrammatically  in  Fig.  41,  which  also  gives  in  sche<lule  the 
sizes  of  fee<lers,  mains,  and  motor  circuits,  and  the  data  n-lating  to  the 
cut-out  panels. 

Although  the  current  suj)ply  was  to  Ix*  taken  from  an  outside 
source,  yet,  inasmuch  as  there  was  a  probability  of  a  pkint  l>eing  in- 
stallol  in  the  building  itself  at  .some  future  time,  the  thn-e-wire  .system 
of  feetlers  and  mains  was  designed,  with  a  neufr:;!  eondiicttir  e«|ual 
to  the  combiiunl  caj)acity  of  the  two  outside  conductors,  .so  that 
12()-volt  two-wire  generators  could  be  utilize«l  without  any  change  in 

the  feeijers. 

ISa.scmcnt.  The  plan  of  the  ba.sement.  Fig.  42,  shows  the  branch 
<ireuit  wiring  for  the  outlets  in  the  basement,  and  the  l(Hation  of  the 
niaiti  swilehlxiard.  It  al.s4)  shows  the  trunk  tables  ft)r  the  inter- 
connection system  s<Tvingto  |>rn\ide  (he  neeevsjiry  wins  for  telephones. 
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tickers,  messenger  calls,  etc.,  in  all  the  rooms  throughout  the  building, 
as  will  be  described  later. 

To  avoid  confusion,  the  feeders  were  not  showoi  on  the  basement 
plan,  but  were  described  in  detail  in  the  specification,  and  installed 
in  accordance  with  directions  issued  at  the  time  of  installation.  The 
electric  current  supply  enters  the  building  at  the  front,  and  a  service 
switch  and  cut-out  are  placed  on  the  front  wall.  From  this  point,  a 
two-wire  feeder  for  power  and  a  three-wire  feeder  for  lighting,  are 
run  to  the  main  switchboard  located  near  the  center  of  the  basement. 
Owing  to  the  size  of  the  conduits  required  for  these  supply  feeders,  as 
well  as  the  main  feeders  extending  to  the  upper  floors  of  the  building, 
the  said  conduits  are  run  exposed  on  substantial  hangers  suspended 
from  the  basement  ceiling. 

First  Floor.  The  rear  portion  of  the  building  from  the  basement 
through  the  first  floor,  Fig.  43,  and  including  the  mezzanine  floor, 
between  the  first  and  second  floors,  at  the  rear  portion  of  the  building 
only,  is  utilized  as  a  press  room  for  several  large  and  heavy,  modem 
newspaper  presses.  The  motors  and  controllers  for  these  presses  are 
located  on  the  first  floor.  A  separate  feeder  for  each  of  these  press 
motors  is  run  directly  from  the  main  switchboard  to  the  motor  con- 
troller in  each  case.  Empty  conduits  were  provided,  extending  from 
the  controllers  to  the  motor  in  each  case,  intended  for  the  various 
control  wires  installed  by  the  contractor  for  the  press  equipments. 

One-half  of  the  front  portion  of  the  first  floor  is  utilized  as  a  news- 
paper office;  the  remaining  half,  as  a  bank. 

Second  Floor.  The  rear  portion  of  the  second  floor.  Fig.  44,  is 
occupied  as  a  composing  and  linotype  room,  and  is  illuminated  chiefly 
by  means  of  drop-cords  from  outlets  located  over  the  linotype  machines 
and  over  the  compositors'  cases.  Separate  |-horse-power  motors 
are  provided  for  each  linotype  machine,  the  circuits  for  the  same  being 
run  underneath  the  floor. 

Upper  Floors.  A  typical  plan  (Fig.  45)  is  shown  of  the  upper 
floors,  as  they  are  similar  in  all  respects  with  the  exception  of  certain 
changes  in  partitions,  which  are  not  material  for  the  purpose  of  illus- 
tration or  for  practical  example.  The  circuit  work  is  sufficiently 
intelligible  from  the  plan  to  require  no  further  explanation. 

Interconnection  System.  Fig.  46  is  a  diagram  of  the  intercon- 
nection system,  showing  the  main  interconnection  box  located  in  the 
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Fig.  46.    Wiring  of  an  Office  Building.     Diagram  of  the  Interconnection  System. 
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l>aM-iii(-iit;  .Kijoiiiiii;^  this  main  Ih>\  is  locatttl  tlit-  hTiiiiiial  Utx  of  tiiL* 
local  Irliplioiu'  c-oiM|>aiiy.  A  sfpamte  systi'iii  of  fifilcrs  is  proxiilo! 
for  tlif  ticktT  system,  as  tliivsi'  coiiiliKtors  rfijiiirf  s«jiiu'\vliat  liravii-r 
insulation,  an«l  it  was  tlioti;,'lit  inatlvisaldc  to  plart*  them  in  tlie  siime 
conduits  with  the  tclcplujiie  wires,  owing  to  the  higher  p<jtential  of 
ticker  circuits.  A  separate  interconnection  cahle  runs  to  eacjj  floor, 
for  teh'plione  and  messenger  call  purjM)ses;  and  a  central  Ik>x  is  phiced 
near  the  rising  |)oint  at  each  floor,  from  whiih  run  suhsidiarj'  cables 
to  sevend  j)oints  symmetrically  locatnl  on  the  varitnis  flo<jrs.  From 
these  suhsidiar}'  Imjxcs,  wires  can  he  run  to  the  various  uflices  refjuiring 
telephone  or  other  service.  Small  pipes  are  provided  to  sen'c  as  race- 
ways from  ofiice  to  ofKce,  so  as  to  avoid  cutting  partitions.  In  this 
way,  wires  can  Ik.'  (|uickly  provideil  for  any  ofiice  in  the  building  with- 
out damaging  the  building  in  any  way  whatever;  and,  as  provision  is 
made  for  a  special  wcuxlen  moulding  near  the  ceiling  to  accommotlatc 
these  wires,  they  can  be  run  around  the  room  without  disfiguring  the 
walls.  All  the  main  cables  and  subsidiary'  wires  are  connectetl  with 
special  interconnection  blocks  nuniliere<l  serially;  and  a  schetlule  is 
providetl  in  the  main  interconnection  box  in  the  basement,  which 
enables  any  wire  originating  thereat,  to  be  readily  and  conveniently 
traced  throughout  the  building.  All  the  main  cables  and  subsidiary' 
cables  are  run  in  iron  conduits. 

OUTLET=BOXRS,  CUT-OUT  PANELS,  AND 
OTHER  ACCESSORIES 

()utlct-l»o\cs.  Hct'ore  the  inlrtxiuclioii  of  iron  conduits,  outlet- 
lio\es  were  consitlered  unnecessary,  and  with  a  few  exceptions  were 
not  used,  the  conduits  I)eing  brought  to  the  outlet  and  cut  ofT  after  the 
walls  an<l  ceilings  were  plastcrnl.  With  the  intn«iuction  of  iron  con- 
<luits,  however,  the  necessity  for  outlet-boxes  was  realizitl;  and  the 
Uulr.s  of  (he  Fire  I'nderwriters  were  mtKlifit>«l  so  as  to  re([nin-  their  use. 
riie  lUilis  of  llif  XdlitDKil  EUvtrir  Cinlf  now  n'(|uin'  oullet-l>oxes  to 
lie  iiM-d  willi  rigid  iron  and  ficxililc  stcd  conduits,  an<l  with  armoretl 
i;iiiles.     A  |H)rtion  of  the  nde  recjuiring  their  use  is  as  follows: 

All  iiilrrior  <i>ii(JuilM  (iml  iirmon-il  raMi-s  "tmist  Im>  (MHiipiM'd  at  ovory 
outlet  witli  nil  iip|)ri>vc<i  ouliol-linx  ur  |il;ili'. 

"( >u  t  let- plat  t'N  iiiuhI  tiut  bo  uml-iI  when'  it  ih  pnirtirnblc  tu  iniitiUI  out  Id- 
boxen. 
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"In  buildings  already  constructed,  where  the  conditions  are  such  that 
neither  outlet-box  nor  plate  can  be  installed,  these  appliances  may  be  omitted 
by  special  pemiission  of  the  inspection  department  having  jurisdiction,  pre 
viding  the  conduit  ends  are  bushed  and  secured." 

Fig.  47  shows  a  tj^ical  form  of  outlet-box  for  bracket  or  ceiling 
outlets  of  the  universal  type.  When  it  is  desired  to  make  an  opening 
for  the  conduits,  a  blow  from  a  hammer 
will  remove  any  of  the  weakened  portion 
of  the  wall  of  the  outlet-box,  as  may  be  re- 
quired. This  form  of  outlet-box  is  fre- 
quently referred  to  as  the  hiock-out  type. 
Other  forms  of  outlet-boxes  are  made  with 
the  openings  cast  in  the  box  at  the  re- 
quired points,  this  class  being  usually 
stronger  and  better  made  than  the  univer- 
sal t}-pe.  The  advantages  of  the  universal 
type  of  outlet-box  are  that  one  form  of  box  will  ser\^e  for  any  ordinary^ 
conditions,  the  openings  being  made  according  to  the  number  of 
conduits  and  the  directions  in  which  they  enter  the  box. 

Fig.  48  shows  a  waterproof  form  of  outlet-box  used  out  of  doors, 
or  in  other  places  where  the  conditions  require  the  use  of  a  water- 
tight and  waterproof  outlet-box. 

It  will  be  seen  in  this  case,  that  the  box  is  threaded  for  the  con- 


Fig.  47.    Universal  and 

Knock-Out  Type  of 

Outlet  Box. 


0 


(D 


Fig.  48.     Water-Tight  Outlet  Box. 
Courtesy  of  H.  Krantz  Manufacturing  Co.,  Brooklyn,  N.  1 . 


duits,  and  that  the  cover  is  screwed  on  tightly  and  a  flange  provided 
for  a  rubber  gasket. 
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l-'i-^s.  -I'.t  ami  oO  show  watt-r-ti^lit  flixjr  Ujxes  which  arif  for  outlets 
hxati'd  ill  thf  floor.  While  the  nilesdo  not  re<niir«;  that  the  tli>or  oiitlet- 
Ih)X  shall  Ik.'  \vater-tij,'ht,  it  is  stroiij^ly  recoiiiiiieiule«l  that  a  water- 
tij^ht  outlet  Ih"  use<l  in  all  eases  for  floor  conneetioiis.  In  this  eiise 
also,  the  eoiidiiit  ojK'iiiii;;  is  threadnl,  as  well  as  the  stem  et)Ver  thron^^h 
which  the  extension  is  nuule  in  the  conduit  to  the  desk  or  table.  \N  hen 
the  fl(Mir  outlet  connection  is  not  re(|uircd,  the  stem  cover  may  l>e 
reinoveil  and  a  tlat,  Maiik  cover  he  use<l  to  replace  the  same. 

.\  form  of  oiitlet-lM)X  usetl  for  flexihle  ste«'l  cal>les  and  steel  ar- 
mored calile.  has  already  U'cn  shown  (.see  Fi^.  oj. 

There  is  hanllv  aiiv  limit  to  the  numlHT  and  variety  of  makes  of 
outlet-lK)xes  on  the  market,  atlapted  f(jr  onlinar}'  and  for  sjH'cial  eon- 


I  i^r   I...  Fig.  60. 

Tyi»'s  of  Floor  Outlet- Boxes. 

(litions;  hut  the  types  illustraffnl  in  these  pages  are  characteristic  and 
ty])ical  furms. 

liushinns.  The  Kiili.i  nj  lln-  yatioiuil  Electric  C'txlr  re«iuire  that 
conduits  entering  jiinction-hoxes,  oiitlet-lM)xes,  or  cut-out  caliinet,>v 
shall  he  pmvidnl  with  ap|)rovetl  bushiuys,  fitteil  to  protect  the  wire 
frmn  almoioii. 

Fig.  .')1  shows  a  typical  form  of  conduit  hushing.  This  hushing 
is  >(  rewed  on  the  end  of  the  conduit  after  the  latter  has  Ufii  intro- 
diirj.l  iiitii  the  outlet-lntx,  cutH)Ut  cahiiict,  ilc.  thci«-hy  forming  an 
iriMiilated  nrihce  to  pmtect  the  win-  at  the  i)oint  where  it  leaves  the 
conduits,  and  to  prevent  ahnision,  groinuls,  short  cinuils,  etc.  A 
IcM-k-nut  (Kig.  r)2)  i.s  .sert^wetl  on  the  threade*!  eiul  <»f  the  conduit  U-fon* 
tin*  conduit  is  placnl  in  the  outlet-lxix  or  cut-out  cahinet,  and  this 
lo<k-iiut  ami  hushing  clamp  tin:  conduit  -ie<un.'ly  in  jH>sition.     Fig. 
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53  shows  a  terminal  bushing  for  panel-boxes  used  for  flexible  steel 

conduit  or  armored  cable. 

The  Rides  of  the  National  Electric  Code  require  that  the  metal 

of  conduits  shall  be  permanently  and  effectually  grounded,  so  as  to 

insure  a  positive 
connection  for 
grounds  or  leak- 
ing currents,  and 


Fig.  51.    Conduit  Bushing. 


Fig.  52.    Lock-Nut. 


in  order  to  pro- 
vide a  path  of 
least  resistance 
to  prevent  the 
current  from 
finding  a  path 
through  any  source  which  might  cause  a  fire.  At  outlet-boxes,  the 
conduits  and  gaspipes  must  be  fastened  in  such  a  manner  as  to 
insure  good  electrical  connection;  and  at  centers  of  distribution, 
the  conduits  should  be  joined  by  suitable  bond 
wires,  preferably  of  copper,  the  said  bond  wires 
being  connected  to  the  metal  structure  of  the 
building,  or,  in  case  of  a  building  not  having 
an  iron  or  steel  structure,  being  grounded  in  a 
permanent  manner  to  water  or  gas  piping. 
Fuse-Boxes,  Cut-Out  Panels,  etc.  From  the  ver}^  outset,  the 
necessity  was  apparent  of  having  a  protective  device  in  circuit  with 
the  conductor  to  protect  it  from  overload,  short  circuits,  etc.  For 
this  purpose,  a  fusible 
metal  having  a  low 
melting  point  was  em- 
ployed. The  form  of 
this  fuse  has  varied 
greatly.  Fig.  54  shows 
a  characteristic  form 
of  what  is  knowTi  as 
the  link  fuse  with  copper  terminals,  on  which  are  stamped  the  ca- 
pacity of  the  fuse. 

The  form  of  fuse  used  probably  to  a  greater  extent  than  any  other, 
although  it  is  now  being  superseded  by  other  more  modem  forms, 


Fig.  53.    Panel-Box  Terminal  Bushing. 
Courtesy  of  Sprague  Electric  Co.,  New  York,  iV.  i. 
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is  that  known  as  tlu'  Kdiion  fiuir-plug,  shown  in   Kig.  55.     A  jx»n-elain 
rut-out  hliK-h  nsfil  with  thr  l'',«lison  fuse  is  shown  in  Fijj.  5tl. 

Within  thi-  hist  fonr  or  live  years,  a  new  form  of  fuse,  known  as 
the  niclustd  fu^f,  has  iKtMi  intriKhicetl  and  used  to  a    eonsidendjle 


^C/ 


KltJ.  M.    CopiK-T-TlppeU  Fuse  Link. 


®   IP 

Fig.  55.    KJIson  Kuse-HlUK. 
Courl<iyof(lfnfralKlKlric<'u..Seh*n*ctaJy.S.  Y. 


extent.  A  fuM-  of  this  tyjK'  is  shown  in  Fi;:.  .".7.  Fig.  5K  gives  a  .sec- 
tional view  of  tliis  fuse,  sliowin^^  the  ponuJs  tilling  .surrounding  the 
fu.se-strii)s,  antl  al.so  the  device  for  indicating  when  the  fu.se  has 
hlown.     This  fonn  of  fuse  is  made  with  various  kinds  of   terminals: 

it  can  l»e  )isnl  with  spring  clips  in  .snudl 
sizes,  and  with  a  post  screw  contact  in 
larger  sizes.  Fi)r  ordinarA'  low  |M)tentials 
this  fuse  is  desirable  for  currents  up  to 
2.")  anijxM-es;  hut  it  is  a  ilehatahle  (jue.s- 
tion  whether  it  is  desirable  to  use  an  en- 
closeil  fuse  for  heavier  currents.  Fig.  5i) 
shows  a  cut-out  }>o.r  with  lulison  plug 
fu.se-l)liKks  u.se<l  with  knol>  aiul  tuU-  wiring.  It  will  Ik?  .seen  that 
there  is  no  connection  compartment  in  this  fu.se-hox.  as  the  linuits 
enter  directly  opj)osite  the  terminals  with  which  they  connect. 

Fig.  (■»()  shows  a  cut-out  panel  adaptnl   for  enclo.setl  fu.ses.  and 
installnl    in    a   <ali-  /r r ■^; 


^11 


.►,  .-..  r..rcelalnCut-Out  Uluck. 

CourttMy  o  ftitn^ral  KUctrie  ( 'o. , 

Schtntctady,  -V.  >". 


® 


vo 


inet  having  a   con-    (;^        ^ 

nection  ct)ni|»art-  \  W  I •_        J 

ment.      .As    will     he  KIk.  .^7.    Kmloswl  or  ••i'Hrtrl<lK<' "  F"- 

M  en   from   the  cut,  ,--.     '"         — »  _.--,        ^ 

the   tal.lct    it.self    is  |f 

.surroundetl   on   the  

four  sides  hy  slate, 

which  i.s  .si'cure«l  in  the  <(tniers  hy  angle-iron^.  The  outer  U>\  may 
Ik-  of  w(kmI  lin«*«l  with  slu-et  iron,  or  it  may  !>«•  of  iron.  Fig.  I'd 
.shows  II  dcHir  am!  trim  for  a  cahinet  of  this  ty|M-.     It  will  U-  .seen  that 
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the  door  opens  only  on  the  center  panel,  and  that  the  trim  covers  and 
conceals  the  connection  compartment.  The  inner  side  of  the  door 
should  be  lined  with  slate,  and  the  inner  side  of  the  trim  should  be 
lined  with  sheet  iron.  Fig.  62  shows  a  sectional  view  of  the  cabinet 
and  panel.  In  this  type  of  cabinet,  the  conduits  may  enter  at  any 
-,  -^..,  point,   the    wires  being 

run  to  the  proper  con- 
nectors in  the  connection 
compartment. 

Figs.  63  and  64  illus- 
trate a  type  of  panel- 
board  and  cabinet  hav- 
ing a  push-button  switch 
connected  with  each 
branch  circuit  and  so 
arranged  that  the  cut- 
out panel  itself  may  be 
enclosed  by  locked  doors, 
and  access  to  the  switches 
may  be  obtained  through 
two  separate  doors  pro- 
vided with  latches  only. 
This  type  of  panel  was  arranged  and  designed  by  the  author  of  this 
instruction  paper. 

OVERHEAD  LINEWORK 

The  advantages  of  overhead  linework  as  compared  with  under- 
ground linework  are  that  it  is  much  less  expensive;  it  is  more  readilv 
and  more  quickly  installed ;  and  it  can  be  more  readily  inspected  and 
repaired. 

Its  principal  disadvantages  are  that  it  is  not  so  permanent  as 
underground  linework;  it  is  more  easily  deranged;  and  it  is  more 
unsightly. 

For  large  cities,  and  in  congested  districts,  overhead  linework 
should  not  be  used.  However,  the  question  of  first  cost,  the  question 
of  permanence,  and  the  municipal  regulations,  are  usually  the  factors 
which  determine  whether  oA^erhead  or  underground  linework  shall 
be  used. 


Fig.  59.    Porcelain  Cut-Outs  in  Wooden  Box. 
Courtesy  of  II.  T.  Paisle  Co.,  Philadelphia,  Pa. 
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'I'lu'  priiuipal  f:i<tor.s  to  Ik."  C'oii.si(K'n'«l  in  overhciul  liucwork  will 
lit-  hriftlv  oiitliiu'd. 

I'lacing  of  Poles.  As  a  f^fiuTal  ruli',  tlu*  jM»lrs  slioulil  l>e  svl  fnjin 
llM)  to  12.')  fttt  apart,  which  is  e<juivalt'nt  t«>  r>.'i  to  42  jkjWs  jkt  mile. 
riuliTctTtaiii  coiiilitioiis,  tlu'sf  spaciiij^s  «;ivtMi  will  have  to  Ix?  in«j<lilif«l; 
hut  if  the  jxjjes  are  spaced  too  far  apart,  there  is  danger  of  Umj  great 
a  strain  on  the  jxjles  themselves,  and  on  tiie  cross-arms,  pins,  and 


r 


" 


KIk.  *).      Plan  View.  Covor.  and 
Srillonof  l».nililf('ul-Oul  Mux. 


*^^ 


1-  IK.  Oi 


coiidiutoiN.      It,  on  the  other  hand,     ^• 
thev  are  placeil   too  close  together,         ^ 
the  cost  is  unnecessarily  iricreasi-d. 
The  size  and   nnmln'r  of   conduct- 
ors, and    the    jMitential  of  the  line- 
work,   det»Tniine  to   a  great  extent 

the  tlistiince  Ix-twt-en  the  jK)les;  the  snialler  the  si/e,  the  les.s  the  iiiim- 
Ut  of  condn«tors;  anil  the  lower  the  potential,  the  greater  the  distance 
l»etween  the  jtoles  may  I.e  made.  Of  c»>nr.se,  the  exact  location  of 
the  poles  is  .suhject  to  variation  liecanse  of  lre»'s,  hnililings,  or  other 
ohstnictions.  The  usual  metho«l  i'mploytil  in  locating  |>oles.  is  first 
to  mak«-  a  map  on  a  fairly  large  .scale,  showing  the  c.)Urse  of  the  line- 
work,  and  then  to  locate  the  iK)les(jn  thegroun«l  a««t.nling  tc  the  actual 
conditions. 
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Poles.  Poles  should  be  of  selected  quality  of  chestnut  or  cedar, 
and  should  be  sound  and  free  from  cracks,  knots,  or  other  flaws. 
Experience  has  proven  that  chestnut  and  cedar  poles  are  the  most 
durable  and  best  fitted  for  linework.  If  neither  chestnut  nor  cedar 
poles  can  be  obtained,  northern  pine  may  be  used,  and  even  other 
timber  in  localities  where  these  poles  cannot  be  obtained ;  but  it  is 
found  that  the  other  woods  do  not  last  so  long  as  those  mentioned^ 


Pig.  63.    Cut-Ovit  Panel  with  Pnsb-Brttton  Switches.    Cover  Removed. 

and  some  of  the  other  woods  are  not  only  less  strong  initially,  but  are 
apt  to  rot  much  quicker  at  the  "wind  and  water  line" — that  is,  just 
above  and  below  the  surface  of  the  ground. 

The  proper  height  of  pole  to  be  used  depends  upon  conditions. 
In  country'  and  suburban  districts,  a  pole  of  25  to  30  feet  is  usually 
of  sufficient  height,  unless  there  are  more  than  two  or  three  cross-arms 
required.  In  more  densely  populated  districts  and  in  cities  where  a 
great  number  of  cross-arms  are  required,  the  poles  may  have  to  be 
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40  to  00  fet't,  or  t-vt'ii  lt)ii<,'ir.  Of  course,  the  louj^T  tlie  |x>le,  the 
greater  the  jM).s.sil)ihty  of  its  lireakiii^  or  U'lidiiif,';  ami  as  the  lenj^h 
iiureases,  tiie  diameter  of  the  Imtt  end  of  jxtle  should  also  iiiere-ase. 
Table XI  j^ives  the  averajje  diameters  re<|iiire«l  for  vari(»us  heights  of 
[M>lfs.  atul  the  tlepth  the  jioles  sliouM  In-  j)lace«l  in  the  ground.  Thes* 
data  have  l>eeii  compile*!  from  a  mimher  of  standard  sjM-cilicirtions. 


TABU-.  XI 
Pole  Data 


'- 

UbKIII    I'oLK  KHOVUD 

I^CNaTH     OK    Poi    K 

DiAM»'.T»;ri   (I  In 

DlAUKTKIl    AT    Top 

UK    I'lac'kd   in 

llOM     UlTl- 

flHDV   M> 

25  feet 

".»  t.j    10  in. 

(')  (0  S  in. 

.1       It  1-1 

:«)    •' 

11       • 

nh   •• 

:?.'>    " 

,._,    .. 

" 

.54  " 

•10     " 

1:5    •' 

" 

<•)     " 

4",     " 

11     " 

" 

(ji  " 

oO     " 

1".    " 

" 

7      " 

')/)    " 

1(>  to   17    •' 

" 

7i    " 

(Ml     " 

IS     ' 

" 

7i     " 

lio      " 

HI    " 

" 

8      " 

70      •' 

20    " 

" 

8      " 

7.">     " 

21    " 

II 

Si    " 

SO     •• 

•>2    •• 

9       " 

A«  It  is  somewhat  difllcult.  because  of  inreKularltios  in  site,  to  measure  the  diame- 
ter of  some  jMilOM.  the  circumference  may  be  measured  insteail:  then,  by  multiplying 
tliedlumftcrs  «ivc-n  in  the  above  table,  by  3,1110.  the  measurements  may  be  reduced 
to  tlu!  <-ir«-utiif»'ri'nc«>  ill  inches. 

Tlif  minimum  diamclcrs  of  the  ]>iilc  at  llic  to]),  wliicli  >lioulil  U' 
allo\ve«l,  will  <le[)en<l  largely  on  the  size  of  the  conductors  u.se«l,  and 
on  the  |)otential  carried  \t\  the  circuits;  the  larger  the  i-<)iuluctt»rs 
and  the  higln;r  the  |)otcntials,  (he  greater  .should  Ik-  the  diameter  at 
the   top  of  the  |M)Ie. 

poles  should  1h'  shavcil,  housed,  and  gained,  also  (lea mil  and 
readv   for  painting,   U-fore  erection. 

I'oles  should  usually  Ik-  painti>d,  not  only  for  the  .sjikc  of  ajUH-ar- 
ance,  hut  als(»  in  order  to  preserve  them  from  the  weather.  It  is  |«ir- 
ticiilarlv  inijMtrlant  that  they  should  Ih-  protectetl  at  their  Ixitt  end.  not 
onlv  where  they  are  surrounded  hy  the  ground,  hut  for  a  fiwit  or  two 
alM)Ve  the  ground,  as  it  is  at  this  jM)int  that  jniles  usually  tleterionitc 
most  ni|)idlv.  rainting  is  not  .so  .satisfactorA-  at  this  jMiint  as  (he  u.se 
of  (ar,  pi(ch,  «ir  creo.so(e.  'I'lie  life  of  the  |M>le  can  Ik-  increasetl  con- 
siderahly  hy  tn'a(ing  it  with  one  or  another  of  (he.se  prc.scnutivcs. 
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Before  any  poles  are  erected,  they  should  be  closely  inspected  for 
flaws  and  for  crookedness  or  too  great  departure  from  a  straight  line. 
Where  appearance  is  of  considerable  importance,  octagonal  poles 
may  be  used,  although  these  cost  considerably  more  than  round  poles. 
Gains  or  notches  for  the  cross-arms  should  be  cut  in  the  poles  before 
they  are  erected,  and  should  be  cut  square  with  the  axis  of  the  pole, 
and  so  that  the  cross-arms  will  fit  snugly  and  tightly  within  the  space 
thus  provided.     These  gains  should  be  not  less  than  4^  inches  wide, 


Fig.  64.    CulOut  Panel  with  Push-Button  Switches.     With  Co\  er. 

nor  less  than  h  inch  deep.  Gains  should  not  be  placed  closer  than  24 
inches  between  centers,  and  the  top  gains  should  be  at  least  9  inches 
from  the  apex  of  the  pole. 

Pole  Guying.  Where  poles  are  subject  to  peculiar  strains  due 
to  unusual  stress  of  the  wires,  such  as  at  comers,  etc.,  guys  should  be 
employed  to  counteract  the  strain  and  to  prevent  the  pole  from  being 
bent  and  finally  broken,  or  from  being  pulled  from  its  proper  ppsition. 
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In  wiriiit^  fur  electric  bells  to  bo  0|)erate(J  by  battel ies,  tho 
•  laiifTer  of  causing  lires  fmiu  short  circuits  or  jtoor  contacts  does 
not  exist  as  in  the  case  of  wiring  for  light  and  j»()\v«'r,  iM-cause  tho 
current  strength  is  so  small.  Xeitiier  is  the  bell-litter  re!<[x)nsiblo 
to  city  insj)ectors  or  tire  underwriters.  On  this  account,  Ix'U 
tilting  is  too  often  done  in  a  careless  and  slovenly  manner,  caus- 
ing the  apparatus  to  give  unsatisfactory  results  and  to  require 
frequent  repairs,  so  that  the  expense  and  inconvenience  in  the  end 
far  more  than  offset  any  time  saved  by  doing  an  inferior  grade  of 
wt)rk.  Jlence,  at  the  outset  it  is  well  to  state  that  as  much  care 
should  be  taken  in  the  matter  of  joints  and  insulation  of  bell 
wiring  as  in  wiring  for  light  or  power. 

If  properly  installed,  the  electric  bell  forms  a  relialde  and  Vft 
inexpensive  means  of  signaling,  and  is  far  superior  to  any  other. 
On  this  account  |)racticallv  every  nt'W  building  is  titteil  through- 
out with  electric:  liells. 

In  adtlitioii  to  the  necessity  of  thoroughness  already  meii- 
ti(jne<l,  care  should  l>e  taken  to  use  only  reliable  apparatus  which 
must  be  installed  in  accordance  with  the  fundamental  j)rinciples 
on  which  its  satisfactory  ojn'iation  iIcjumkIs. 

WIRF.. 

The  common  sizes  of  wire  in  use  for  bell  wor^i  are  Nos. 
IS,  20,  and  22.  Jn  general,  however,  IS'o.  20  will  be  ound  satis- 
factory as  it  is  usually  suthciently  large,  while  in  maay  cases  No. 
22  is  not  strong  enough  from  :i  mechanical  standpoint. 

It  is  impcrtant  that  the  wires  should  be  well  insulateu  to  pre 


Vent  accidental  contacts  with  the  staples  or  other  wires.  First  of 
nil  the  wire  should  be  tinne<j,  as  this  prevents  the  cop|M'r  from 
U-ing  acted  U|H>n  liy  Mie  snljthur  in  the  insulation.  It  also  facil- 
itates Boldering.     The   inner  coating  of   insulation    shoidd    Ik>  of 
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India  rubber,  surrounded  by  several  longitudinal  strands  of  cotton, 
outside  of  which  are  wound  several  strands  of  colored  cotton  laid 
on  spirally.  This  is  next  immersed  in  melted  paraffin  wax  and 
polished  by  friction.  A  short  length  of  approved  electric  bell  wire 
is  shown  in  Fig.  1. 

When  ordering  wire,  it  is  well  to  have  it  furnished  in  several 
different  colors  as  this  greatly  facilitates  both  the  original  instal- 
lation and  later  repairs,  because  in  this  way  one  line  niay  be  dis- 
tinguished from  another,  taps  from  main  lines,  etc.  Moreover,  a 
faulty  wire  having  been  found,  it  is  possible  to  identify  it  at  any 
desired  section  of  its  length. 

METHODS  OF  WIRING. 

In  running  wires,  the  shortest  and  most  direct  route  should, 
of  course,  be  taken  between  the  battery,  bells,  and  bell  pushes. 
There  are  two  cases  to  be  considered.  The  better  method  is  that 
in  which  the  wires  are  run  before  the  building  is  completed,  and 
the  wiring  should  be  done  as  soon  as  the  roof  is  on  and  the  walls 
are  up.  In  this  case  the  wires  are  usually  run  in  zinc  tubes 
secured  to  the  walls  with  nails.     The  tubes  should  be  from  |  inch 

to  ^  inch  in  diameter,  preferably 
the  latter.  It  is  better  to  place 
the  wires  and  tubes  simultane- 
ously, but  the  tubes  may  be  put 
in  place  first  and  the  wires  drawn 
in  afterward,  although  this  latter 
plan  has  the  objection  that  the  insulation  is  liable  to  become 
abraded  when  the  wires  are  drawn  in.  In  joining  up  two  lengths 
of  tube,  the  end  of  one  piece  should  be  opened  up  with  the  pliers 
so  that  it  may  receive  the  end  of  the  other  tube,  which  should  also 
be  opened  up,  but  to  a  less  extent,  to  prevent  wear  upon  the 
insulation.  Specially  prepared  paper  tubes  are  sometimes  substi- 
tuted for  the  zinc. 

If  the  building  is  completed  before  the  wiring  is  done,  the 
concealed  method  described  above  cannot  be  used,  and  it  is  neces- 
sary to  run  the  wires  along  the  walls  supported  by  staples,  where 
they  will  be  least  conspicuous.  Fig.  2  shows  ordinary  double- 
pointed    tacks,  Fig.  3  shows  an  insulating   saddle  staple  which 
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Fig.  3. 


is  to  Ir*  recoiniiu*iiil»'(|.  Two  wires  shuuld  never  Ihj  secured  under 
the  sanie  8ta|ile  if  it  eiui  jnissihly  Iha  avoided,  owing  to  the  danger 
of  short  circuitrt.  AVith  a  lillle 
care  it  is  usually  jtossiltle  to  con- 
ceal  the  wiriiitr  i^'liitid  the  picture 
nioukliiiiT,  along  the  8kirting-i)oanl, 
and  Ix'side  the  door  jK)Sts  but  where 
it  is  iinpossihle  to  eoiieeal  it,  a  light 
oriianietital  easing  to  match  the 
tinish  of  the  room,  may  he  UmmI. 
It    is   sonietinies    atlvisalilo    to    d^e 

twin   wires  or  two  insulated  wires  run  in  the  .same  outer  covering. 
In   some  cases  it  is   well   to   run    the   win-s   under  the   tloors, 
laying  them  in  notches  in  the  tops  of  the  joists  or  in  holes   bored 
about  two  inches  below  the  tops  of  the  joists. 

.lOINTS. 

"WTien  nuiking  a  joint,  care  should  be  taken  to  have  a  tirni, 
clean  connection,  both  mechanically  and  electrically,  and  this  must 
always  ]»e  soUlered  to  prevent  corrosion.  The  insulation  should 
U^  strij)j)ed  ofT  the  eiuls  of  the  wires  to  be  joined,  for  a  distance  of 
about  2  inches,  and  the  wires  made  bright  by  scraping  oi  sandpa- 


^ 
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p<  rin<j.      Tlit-y  should  tlicn  in-  twisted    tiLrhtly  and  evenly  tiurether 
rtH  nhown  in  Fig.   I. 

Ne.xt  conu'S  the  operation  of  soldcriiiK,  which  is  ab.-olutely 
tiece.ssary  if  ft  jM-rmaneiit  joint  from  an  electrical  standjMiint  is  to 
Ih"  obtained.  A  joint  made  without  stdder  may  be  I'lectrically 
sound  at  lirst,  but  its  resistance  rapidly  increases,  ilue  to  deteri- 
onition  of  the  joint.  As  has  already  been  statetl,  the  wires  should 
Im-  madti  bright  and  clean  before  they  are  twistini  together. 
Soldering  tlitids  «houUl  ni'v«'r  be  usetj,  because  tuey  cause  corrositm 
of  tlm  wire.  The  Im'sI  flux  to  use  is  resin  or  com|M)8ite  candle. 
The  H«»lderiiig  shriuld  always  be  done  with  a  copjH-r  bit  nither  than 
with  a  b1owpi|H<  oi  wireman's  torch. 
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A  convenient  form  of  soldering  tool  consists  of  a  small  copper 
bit  having  a  semicircular  notch  near  the  end.  •  This  bit  should,  of 
course,  be  well  tinned.  It  is  then  heated  over  a  spirit  lamp,  or 
wireman's  torch,  and  the  notch  filled  with  soft  solder.  Lay  the 
joint,  which  has  previously  been  treated  with  the  flux,  in  this 
notch  and  turn  it  so  that  the  solder  runs  completely  around  among 
the  spirals  of  the  joint.  The  loose  solder  should  be  shaken  off  or 
removed  with  a  bit  of  rag.  When  the  joint  is  set,  it  should  be 
insulated  with  rubber  tape,  so  that  it  will  be  protected  as  perfectly 
as  the  other  portions. 

It  is  often  possible  to  save  a  considerable  length  of  wire  and 
amount   of   labor  by  using  a  ground    return,  which,  if  properly 
arranged,  will  give  very  satisfactory  results,  although  a  complete 
metallic  circuit  is  always  to  be  preferred.     Where  water  or  gas 
mains  are  available,  a  good  ground  may  be  ob- 
tained by  connecting  to  them,  being  sure  to 
have  a  good   connection.     This    may  be  se- 
cured   by  scraping   a   portion   of   the    pipe 
perfectly  bright  and  clean  and  then  winding 
this  with  bare  wire;  the  whole  is  then  well 
soldered.     An  end  should  be  left  to  which 
the  wire  from  the  bell  circuit  is  twisted  and 
X — 1^  Jl  \-.  soldered.     If  such  mains  are  not  available, 

V — I J     1/  a  good  ground  can  be  obtained  by  connecting 

the  wire  from  the  bell  circuit,  as  described 
above,  to  a  pump  pipe.  In  the  absence  of 
water  and  gas  mains,  and  of  a  pump  pipe, 
a  ground  may  be  obtained  by  burying  beneath 
permanent  moisture  level  a  sheet  of  copper 
or  lead,  having  at  least  five  square  feet  of  surface,  to  which  the 
return  wire  is  connected.  The  ground  plate  should  be  covered 
with  coke  nearly  to  the  surface;  the  hole  should  then  be  filled  in 
with  ordinary  soil  well  rammed. 

OUTFIT. 

The  three  essential  parts  of  the  electric  bell  outfit  are  the  bell 
push,  which  furnishes  a  means  of  opening  and  closing  the  circuit 
at  will,  the  battery,  which  furnishes  the  current  for  operating  the 


D 
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bc'll,  and  the  bell  itsilf.  Before  discusBing  the  combination  of 
these  jtiwi'S  of  appunitus  in  the  complete  circuit,  let  us  take  up 
the  in<iividu:il  juirts  in  order. 

A  bell  push  is  shown  diafyrammatically  in  Fig.  5.  In  this 
illustration  1'  is  the  jiush  button;  when 
this  is  pressed  upon  it  brings  the  point 
of  the  8j)ring  S  in  contact  with  the  metal 
strip  K,  thus  closing  the  circuit  with  which 
it  is  connected  in  series.  Normally  the 
springs  are  separated  as  shown,  and  the 
circuit  is  accordingly  open. 

Bell  pushes  are  made  in  various  de- 
signs and  styles,  from  the  simple  wooden 

push  shown  in  Fig.  0  to  very  elaborate  and  expensive  articles. 
Fit'.  7  shows  four  cast  bronze  pushes  of  neat  apjjcarance  and  mod- 
erate price. 

Batteries.     Electric  bells  are  nearly  always  operated  on  the 
open  circuit   plan,  and  lience  the  battery  used  is  L'eiierally  of  the 
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Fig.  7. 


Open  circuit  tv|)e,  Huch  as  the  L-clanche  cell,  which  is  ustnl  very 
largely  except  for  heavy  work.  This  is  a  zinccarbon  cell  in  which 
the  excitant  is  sal-ammoniuc  dissolved  in  water.  Tolariuition  is 
prevj'iiteil  by  iK'roxide  of  manganese,  wiiich  gives  up  part  of  its 
oxygen,  combining  with  the  hytlrogen  set  frw  and  forujing  water. 
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Dry  Batteries  are  also  frequently  used  for  bell  work,  their 
principal  advantage  being  cleanliness,  as  they  cannot  spill.  Dry 
cells  are  really  a  modification  of  the  Leclanche  type,  as  they  use 
zinc  and  carbon  plates  and  sal-ammoniac  as  the  exciting  agent. 
The  Burnley  cell,  which  is  one  of  the  principal  types  of  dry  cell, 
has  an  electrolyte  composed  of  sal-ammoniac,  chloride  of  zinc, 
plaster,  flour,  and  water.  This  compound  when  mixed  is  a  semi- 
liquid  mass  which  quickly  stiffens  after  being  poured  into  the  cup. 
The  depolarizing  agent  is  peroxide  of  manganese,  the  same  as  is 
used  in  the  Leclanche  cell,  this  being  packed  around  the  carbon 

cylinder.  The  top  of  the  cell  is  sealed 
with  bitumen  or  some  similar  substance. 
For  very  heavy  work  the  Edison - 
Lalande  and  the  Fuller  types  of  cell  are 
best  suited,  while  for  closed  circuit  work 
the  gravity  cell  is  most  satisfactory. 

Bell.  It  is  a  well-known  fact  that 
if  a  current  of  electricity  flows  through 
a  coil  of  wire  wound  on  an  iron  core, 
the  core  becomes  magnetized  and  is  ca- 
pable  of  attracting  any  magnetic  sub- 
stances to  itself.  The  operation  of  the 
electric  bell,  like  that  of  so  many  other 
pieces  of  electrical  apparatus,  depends 
upon  this  fact.  A  diagrammatic  repre- 
sentation of  an  electric  bell  is  shown  in 
Fig.  8,  in  which  M  is  an  electromagnet 
composed  of  soft-iron  cores  on  which  are  wound  coils  of  insulated 
wire.  The  armature  is  mounted  upon  a  spring  K,  and  carries  a  ham- 
mer H  at  its  end  for  striking  the  gong.  On  the  back  of  the  armature 
is  a  spring  which  makes  contact  at  D  with  the  back  stop  T.  The 
action  of  the  bell  is  as  follows:  "When  the  circuit  is  closed  through 
the  bell  a  current  flows  from  terminal  1,  around  the  coils  of  the 
magnet,  through  the  spring  K  and  contact  point  D,  through  the 
back  stop  T,  to  terminal  2.  In  flowing  around  the  electromagnet  the 
current  magnetizes  its  core,  which  consequently  attracts  the  arma- 
ture. This  causes  the  hammer  H  to  strike  the  gong.  While  in 
tliis  position  the  contact  at  D  is  broken,  the  current  ceases  to  flow 
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aruurnl  the  electromai^iu't  uinl  tlu-  cores  conseijuently  lose  their 
attractive  force.  The  armature  id  then  carrie<l  hack  to  itu  original 
|H)sitioii  by  tlie  spring  K,  making  contact  at  I),  and  the  jtnxvBS  is 
reiR^ate*!.  Die  hamiiu'r  will  thus  vihrate  and  tiie  bell  continue  to 
ring  as  long  as  the  circuit  is  closed. 

The  tvjK'  of  bell  describetl  above  ii  fho  one  most  commonly 
used.  Such  bells  are  made  in  a  great  variety  of  shajH's  and  styles, 
the  prices  varying  accordingly.  It  is  imjturtant  that  platinum 
tips   K-   furnished  at   the  contact  jioint  1),  Fig.  X,  to  prevent  cor- 


I'lK.  !).  Kin-  U». 

rosion.  The  bells  on  tin-  market  tod.iy  are  of  two  classes,  the  iron 
box  b.ll  ami  thf  wooden  box  bell.  .\  Ix-ll  <>f  the  wo<Hlen  box  ty|)e  is 
shown  in  Fig. '.»,  and  a  higlier  grade  bell  of  the  iron  fniine  skeleton 
ty|K'  is  shown  in  Fig.  10.  Hells  without  cttvers  should  never  1h«  use<l. 
as  dust  will  settle  on  the  contacts  ami    interfi-re  with  their  action; 

CIKCl'ITS. 
The  po8Hil)le  combinations  of  the  various  jMirts  into  complete 
circuits  are  so  varied  that  it  would  1h<  impossible  to  de.HcriU'  llieui 
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all;  in  fact,  almost  every  one  is  to  a  certain  extent  a  special 
problem.  It  is,  however,  possible  to  give  typical  circuits  the 
underlying  principles  of  which  can  be  applied  successfully  to  any 
particular  case. 

Fig.  11  shows  a  bell  circuit  in  its  simplest  form,  in  which  P 
represents  the  push,  B  the  bell,  and  C  the  battery;  all  connected 
in  series.  The  circuit  is  normally  open  at  P,  and  hence  no  cur- 
rent flows  to  exhaust  the  batteries. 
When  P  is  pressed,  the  circuit, 
otherwise  complete,  is  closed  and 
current  passes  through  the  bell 
causing  it  to  ring,  as  already  ex- 
plained. For  instance,  the  push 
might  be  located  beside  the  front 
door,  the  bell  in  the  kitchen  and  the 
battery  in  the  cellar;  the  location  depending  on  the  results  desired 
and  conditions  to  be  met.  The  wire  between  P  and  C  may,  if 
necessary,  be  dispensed  with  and  connection  made  to  ground  at  G 
and  G,  as  shown  by  the  dotted  lines. 

Fig.  12  shows  an  arrangement  by  means  of  which  one  bell  B 
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Fig.  12.  Fig.  13. 

may  be  controlled  by  either  of  the  pushes  P  or  P'.     This  system 
may  be  extended  to  any  number  of  pushes  similarly  connected, 

A  method  for  ringing  two  bells  simultaneously  from  one  push 
is  shown  in  Fig.  13,  where  both  bells  B  and  B'  will  ring  from  push 
P.  Bells,  if  connected  in  this  manner,  should  have  as  nearly  as 
possible  the  same  resistance,  otherwise  the  bell  of  lower  resistance 
will  take  so  much  current  that  there  will  not  be  a  sufficient  amount 
left  for  the  other.  Also,  the  batteries  must  be  of  greater  current 
capacity  as  the  amount  of  current  taken  is,  of  course,  doubled.  This 
system  can  be  extended  to  any  number  of  bells  connected  in  this 
way,  up  to  the  limit  of  capacity  of  the  battery  to  ring  them.    Figs. 


90 


SIMPLE  COMBINATION  GAS  AND  ELECTRIC  FIXTURE  IN  A  DINING  ROOM 


<  = 

O     o 

X    2 


KLbAJi'KliJ  titlLL  W  IKING 


81 


12  iiiul    13   may  be   coiuhitKH.1   eo   that   two  or    iiioro  bells  may  be 
riiiii^  from  any  one  of  two  or  more  j»iislu'S. 

In  Fi^.  14  irt  sliowii  a  kcIhmih'  for  riiii^iiiir  either  Ih*II,  l>  nr  IV, 
from  t)iii'  iiiiaii  iiml  oiif    KiitttTV  liv  iiifaiis  of  tlic  two  jtoiiit  switch 


r^ 


I'iu.   II. 

S.      Wlu'ii  tin.*  arm  of   tlu'  .switch    is   on  contact    1,  the    juish  will 
rintr  hell  B,  and  when  on  contact  2  it  will  rinir  hell  W. 

In  Fiif.  15  is  shown  a  method  of  connectinij;  hells  in  series  so 
that  li  and  li'  may  he  runt^  from  1*.  If  all  the  hells  so  connected 
were  of  the  vibrating  type,  they  would  not  work  satisfactorily,  as 
it  would  he  impossible  to  time  them  so  that  the  vibrations  wt>uld 
keep  stej),  hence  only  one  bell  should 
U?  of  the  vibrating  tyjie,  and  the  others 
should  have  the  circuit  breakers  short- 
circuited,  the  vibratiuii  bell  servintr  as 
interrupter  for  the  wiiole  series.  Obvi- 
ouslv  tin-:  system  re(]uire3  a  higher  volt 
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age    tium    parallel    connection,  and    the 

cells  must    be    of    sutlicient    F.M.F.    to 

ring    the    bells    satisfactorily.      S"veral 

bell-,    iii.iy  bt>  connected    in    tliis  way.  if  «^ 

di^in  i|.  lip  to  th«'  limi[  of  voltage  of  llie  ' 

battrrv.  '''>i-  "'• 

<>ft»'ntimert  a  U'li  is  to  Ik«  rung  from    s«'v<'ral   dilTerent 
i*<)r  instance,  the  Indl  in  an  e'evator  may  b»>  rung  from  any 


places, 
out*  uf 
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several  floors,  or  the  bell  in  the  office  of  a  hotel  may  be  rung  from 
any  one  of  several  different  rooms.  In  this  case  it  is  neoessary  to 
have  some  device  to  indicate  from  which  push  the  bell  was  rung. 
The  annunciator  furnishes  this  information  very  well.  A  three- 
station  annunciator  is  shown  in  Fig.  16.  The  connections  for  an 
Mununciator  are  shown  in  Fig.  17  where  eV  represents  the  anun- 
viator,  1>  the  bell,  C  th^  battery,  and  P',  P\  and  P'*  the  ])ushes. 
lor  instance,  when  P'  is  pressed,  the  current  passes  through  the 
electromagnet  controlling  point  1  on  the  annunciator  which  causes 
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Fig.  17. 


the  arrow  to  be  turned  and  at  tlie  same  time  tiie  bell  rings.  After 
fhe  attendant  has  noted  tlie  signal,  the  arrow  is  restored  to  its 
IK)  nial  position  by  pressing  a  lever  on  the  bottom  of  the  annun- 
ciator box. 

The  electric  burglar  alarm  furnishes  a  very  efficient  protec- 
tion and  is  an  application  of  the  principles  already  described.  The 
circuit,  instead  of  being  completed  by  a  push,  is  completed  by 
contacts  placed  on  the  doors  or  windows  so  that  the  opening  of 
either  will  cause  the  bell  to  ring.  The  same  device  may  be  used 
on  money-drawers,  safes,  etc. 

In  the  case  of  the  electric  tire  alarm,  the  signal  may  be  given 
either  automatically  when  the  temperature  reaches  a  certain  degree, 
or  pushes  may  be  placed  in  convenient  locations  to  be  operated 
manually.  The  pushes  should  be  protected  by  glass  so  that  they 
will  not  be  tampered  with,  it  being  necessary  to  break  the  glass 
to  give  the  alarm. 
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HIST()R\    A\l)  DI.MI.ol'MUNT 

Tin-  liistorv  of  flfctric  lij:litin<j  as  a  conimrnial  proposition  Ix'gins 
with  the  invfiitioii  of  thr  (Iraiiiiiic  dyiiaino,  hy  Z.  J.  (iraiiiinr,  in 
ls70,  toi^fthc-r  with  thf  iiitroductioii  of  the  JahltK-hkofF  caiuih'  or 
light,  which  was  first  amiouiurd  to  tiit-  public  in  ISTd,  and  which 
formed  a  feature  of  the  International  Exposition  at  Paris  in  1S7S. 
I'j)  to  this  time,  the  electric  li<jht  was  known  to  hut  few  investi«;ators, 
one  of  the  earliest  heinj;  Sir  Humphrey  Davy  who,  in  IMO,  pHnlucid 
the  first  arc  of  any  <,'reat  maj^nitUfle.  It  was  then  called  the  viAtnic 
arc,  and  resulted  from  the  use  of  two  woo<l  charcoal  ju-ncils  as  elec- 
trotles  and  a  j)o\verful  hattery  of  voltaic  cells  as  a  source  of  current. 

From  IMO  to  ls.V.>,  many  j)atcnts  were  taken  out  f)n  arc  lamj)s, 
mt)>t  of  them  operat«'d  hy  clockwork,  hut  these  were  not  successful, 
due  chieflv  to  the  lack  of  a  suilahic  .source  of  current,  since  all  de- 
pended on  primary  cells  for  their  power.  The  interest  in  this  form 
of  li;,'ht  dii-d  down  aliout  IN.VJ,  and  nothing  further  was  attemptetl 
until  the  advent  of  the  (iramme  dynamo. 

The  incandescent  lainj)  was  hut  a  piece  of  lahonitory  apj>aratus 
up  to  ls7S,  at  which  time  Kdison  |)r()duced  a  lam|>  using  a  platinum 
spiral  in  a  vacuum,  as  a  source  of  light,  the  jilalinum  heing  n-ndered 
incandescent  hy  the  passage  of  an  electric  current  through  it.  The 
Hr^t  successful  carhon  filament  was  made  in  1S7'.),  this  (ilameiit  heing 
formed  from  strips  of  hamhoo.  The  names  of  Kilistm  and  Swan  are 
intimately  eoimectcd  with  thcs«'  early  i'xp«'riments. 

l-'rom  this  time  on,  the  development  of  electric  lighting  has  l>cen 
verv  rapid,  and  the  consumption  of  incandescent  lamps  alone  has 
reached  several  millions  «'ach  year.  ^Vhen  we  compare  tlu-  small 
amount  of  lighting  «lone  hy  means  of  electricity  twenty-live  years  aigo 
with  the  i'norm«»us  extent  of  lighting  .systems  and  the  miiiu-rous 
applications  of  electric  illumination  as  they  are  toilay,  the  growth 

and  ilevelopment  of  the  art  is  seen  to  he  very  great,  and  the  vali f 

a  studv  of  this  Mihjeet  may  Ite  readily  appn-«ia(t  tl.     \\hile  in  many 
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cases  electricity  is  not  the  cheapest  source  of  power  for  illumination, 
its  admirable  qualities  and  convenience  of  operation  make  it  by  far 
the  most  desirable. 

CLASSIFICATION 

The  subject  of  electric  lighting  may  be  classified  as  follows: 

1.  The  type  of  lamps  used. 

2.  The  methods  of  distributing  power  to  the  lamps. 

3.  The  use  made  of  the  light,  or  its  application. 

4.  Photometry  and  lamp  testing. 

The  types  of  lamps  used  may  be  subdivided  into: 

1.  Incandescent  lamps:  Carbon,  metallic  filament,  Nernst. 

2.  Special  lamps:  Exhausted  bulb  without  filament,  such  as  the  Cooper- 
Hewitt  lamp  and  Moore  tube  lamp. 

3.  Arc  lamps:   Ordinary  carbon,  flaming  arc. 

INCANDESCENT  LAMPS 

The  incandescent  lamp  is  by  far  the  most  common  type  of  lamp 
used,  and  the  principle  of  its  operation  is  as  follows : 

If  a  current  /  is  sent  through  a  conductor  whose  resistance  is 
li,  for  a  time  /,  the  conductor  is  heated,  and  the  heat  generated  = 
PR  t,  PR  t  representing  joules  or  watt-seconds. 

If  the  current,  material,  and  conditions  are  so  chosen  that  the 
substance  may  be  heated  in  this  way  until  it  gives  out  light,  becomes 
incandescent,  and  does  not  deteriorate  too  rapidly,  we  have  an  in- 
candescent lamp.  Carbon  was  the  first  successful  material  to  be 
chosen  for  this  conductor  and  for  ordinary  lamps  it  is  formed  into  a 
small  thread  or  filament.  Very  recently  metallic  filament  lamps 
have  been  introduced  commercially  with  great  success  but  the  carbon 
incandescent  lamp  will  continue  to  be  used  for  some  time,  especially 
in  the  low  candle-power  units  operated  at  commercial  voltages.  Car- 
bon is  a  successful  material  for  two  reasons: 

1.  The  material  must  be  capable  of  standing  a  very  high  tem- 
perature, 1,280°  to  1,330°  C,  or  even  higher. 

2.  It  must  be  a  conductor  of  electricity  with  a  fairly  high  re- 
sistance. 

Platinum  was  used  in  an  early  stage  of  the  development,  but, 
as  we  shall  see,  its  temperature  cannot  be  maintained  at  a  value  high 
enough  to  make  the  lamp  as  efficient  as  when  carbon-  or  a  metal 
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liiiviiiij  a  iiultiii;,'  point  hii^liir  tliaii  tliat  i)f  |ilatiiiiiin,  is  usfd.  Xcurly 
all  atlrin|»ts  to  siiltslitutr  aimdifr  .suli>taii(f  in  plan-  of  rarlMMi  have 
failfij  until  rt-ct-ntly,  and  tin-  fi'W  lainj».s  which  an-  fUtin-ly  or  partially 
sufci'ssfiil  will  Im"  trt-atcd  later.  Thf  nature  of  the  carWon  i-niploye*! 
in  intaiuK'sccnt  lainjw  has,  Imwi-vi-r,  Iktu  niurh  iniprovi-*!  over  the 
first  forms,  ami  owinj;  to  the  still  very  j^reat  importance  of  this  lamp, 
the  method  of  manufacture  will  he  considered. 

A\anufacture  of  Carbon  Incandescent  Lamps.  Pnpuration  uf 
till-  Filmniiit.  CilluloM-,  a  ( heniical  ciinipoun<l  rich  in  carhon,  is 
prepared  hy  treatinj^  ahsorhent  cotton  with  zinc  chloride  in  proper 
proportions  to  form  a  uniform,  p-la tine-like  mass.  It  is  customary 
to  stir  this  under  a  partial  vacuum  in  onler  to  remove  huhhies  of  air 
which  mi<;lit  he  containe<l  in  it  and  destroy  its  uniformity.  This 
material  is  tian  forced,  "stjuirted,"  through  steel  tlies  into  alcohol,  the 
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alcohol  serving  to  lianKii  the  soft,  transparent  threads.  These  threads 
are  then  thoroughly  washed  to  n-move  all  trace  of  the  zinc  chloride, 
drii'd,  cut  to  the  desired  lengths,  wound  on  forms,  and  carhonizeil  hy 
heating  to  a  high  temp*  lature  away  from  air.  During  carhonization, 
the  cellulose  is  transformed  into  pure  carhon,  the  volatile  matter  heing 
driven  off  hy  the  high  temperature  to  which  the  lilaments  an-  sultjectetl. 
The  material  hecomes  hard  and  stilV,  assuming  a  permanent  form, 
shrinking  in  Itudi  length  and  diameter — the  form  heing  s|H'<Mally  con- 
structed so  as  to  allow  for  this  shrinkage.  The  ft)rms  are  made  ^>f 
carhon  hlocks  which  are  plac«d  in  |)luml»ago  crucihles  and  packed 
with  powdere<l  carlion.  Tlie  enuililes,  which  an-  coven'*!  with 
l(M>sely  fitting  carhon  covers,  are  grailually  hrought  to  a  white  heat, 
at  which  temperature  the  cellulose  is  changed  to  carlHtn,  and  then 
allowed  to  «ool.  Aftir  cooling,  the  filaments  are  removiil,  measurx.<l, 
an<l   inspected,   and    the   few  defective  ones  discarde*!. 
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In  the  early  days,  these  filaments  were  made  of  cardboard  or 
bamboo,  and  later,  of  thread  treated  with  sulphuric  acid. 

A  few  of  the  shapes  of  filaments  now  in  use  are  shown  in  Fig.  1, 
the  different  shapes  giving  a  slightly  different  distribution  of  light. 
As  here  shown  they  are  designated  as  follows:  A,  U-shaped;  B, 
single-curl;  C,  single-curl  anchored;  D,  double-loop;  E,  double- 
curl;  F,  double-curl  anchored. 

Mounting  the  Filament.  After  carbonization,  the  filaments 
are  mounted  or  joined  to  wires  leading  into  the  globe  or  bulb.  These 
wires  are  made  of  platinum — platinum  being  the  only  substance,  so 
far  as  known,  that  expands  and  contracts  the  same  as  glass,  with 
change  in  temperature  and  which,  at  the  same  time,  will  not  be  melted 
by  the  heat  developed  in  the  carbon.  Since  the  bulb  must  remain 
air-tight,  a  substance  expanding  at  a  different  rate  from  the  glass 
cannot  be  used.  Several  methods  of  fastening  the  filament  to  the 
leading  in  wires  have  been  used,  such  as  forming  a  socket  in  the  end 
of  the  wire,  inserting  the  filament,  and  then  squeezing  the  socket 
tightly  against  the  carbon;  and  the  use  of  tiny  bolts  when  cardboard 
filaments  were  used;  but  the  pasted  joint  is  now  used  almost  exclu- 
sively. Finely  powdered  carbon  is  mLxed  with  some  adhesive  com- 
pound, such  as  molasses,  and  this  mixture  is  used  as  a  paste  for  fasten- 
ing the  carbon  to  the  platinum.  Later,  when  current  is  sent  through 
the  joint,  the  volatile  matter  is  driven  off  and  only  the  carbon  remains. 
This  makes  a  cheap  and,  at  the  same  time,  a  very  efficient  joint. 

Flashing.  Filaments,  prepared  and  mounted  in  the  manner 
just  described,  are  fairly  uniform  in  resistance,  but  it  has  been  found 
that  their  quality  may  be  much  improved  and  their  resistance  very 
closely  regulated  by  depositing  a  layer  of  carbon  on  the  outside  of  the 
filament  by  the  process  of  flashing.  By  flashing  is  meant  heating  the 
filament  to  a  high  temperature  when  immersed  in  a  hydrocarbon  gas, 
such  as  gasoline  vapor,  under  partial  vacuum.  Current  is  passed 
through  the  filament  in  this  process  to  accomplish  the  heating.  Gas 
is  used,  rather  than  a  liquid,  to  prevent  too  heavy  a  deposit  of  the 
carbon.  Coal  gas  is  not  recommended  because  the  carbon,  when 
deposited  from  this,  has  a  dull  black  appearance.  The  effects  of 
flashing  are  as  follows: 

1.  The  diameter  of  the  filament  is  increased  by  the  deposited 
carbon  and  hence  its  resistance  is  decreased.    The  process  must  be 
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(liscoiitimiiMl  wlifii  tlu-  di-sired  resistance  is  reaelu<i.  Any  little  irrejju- 
larities  in  tlie  lilanK'nt  will  he  eliiiiiiiateil  sinci-  tin-  Mualler  M-<tions, 
liaviiii;  the  <;reater  rr>i>taiicf.  will  iMcoiue  hotter  than  the  reniainder 
of  the  filament  ami  tin-  carhon  is  deposited  more  rapidly  at  these 
points. 

2.  The  character  of  the  snrface  is  ciiangetj  from  a  c]ull  Mack 
and  comparatively  soft  natnrc  to  a  hrij^ht  gray  coating  which  is  much 
hanlcr  and  which  increases  the  life  and  efficiency  of  the  filament. 

E.rhuuisi'u)(j.  After  flashing,  the  filament  is  sealed  in  the  hulb 
anil  the  air  exhaiisteil  through  the  tiilx-  .1  in  Fig.  2,  which  shows  the 
lamp  in  ditrerent  stages  of  its 
manufacture.  The  exhaustion 
is  accomplished  hy  means  of 
mechanical  air  j)umj)s,  sup- 
plemented l»y  Sprengle  or  nitr- 
cury  pumps  and  chemicals. 
Since  the  <legree  of  exhaustion 
nuist  he  high,  the  hull)  should 
he  heated  during  the  process 
so  as  to  ilrive  oil"  anv  fjas  which 
may  cling  to  the  glass.  When 
chemicals  are  used,  as  is  now 
almost  universally  the  case,  the 
chemical  is  |)laied  in  the  tuhe 
-f  and,  when  heated,  serves 
to  take  up  nnich  of  th«'  remain- 
ing gas.  Kxhaustion  is  neces- 
sary for  several  reasons : 

1.  To  avoid  oxiili/.ation  of  tin-  tilaiiiont. 

2.  To  reduce  tli<-  liiut  convcyi-d  to  the  jrlolw. 

.'1.     To  prevent  wear  on  the  Tdanient  due  to  currents  or  eddies  in  the  ^ixn. 

After  exhausting,  the  tuhe  .1  is  sealed  olT  and  the  lamp  com- 
pleted for  testing  hy  attaching  the  ha.se  hy  means  of  plaster  of  Paris. 
Eig.  '<  shows  some  of  (he  forms  of  compli-ted  incandesci-nt  lamps. 

Voltage  and  Candlc-Powcr.  Incandescent  lamps  of  the  carUin 
tvpr  vary  in  si/.r  from  the  miniature  hattrry  and  candelabra  lamps  to 
those  of  several  hundred  candle-power,  though  tin-  laller  an-  very 
si-ldom  us«-d.     The  njore  common  values  for  the  caiulle-p»)wer  arc 
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8,  16,  25,  32,  and  50,  the  choice  of  candle-power  depending  on  the 
use  to  be  made  of  the  lamp. 

The  voltage  will  vary  depending  on  the  method  of  distribution 
of  the  power.  For  what  is  known  as  parallel  distribution,  110  or 
220  volts  are  generally  used.  For  the  higher  values  of  the  voltage, 
long  and  slender  filaments  must  be  used,  if  the  candle-power  is  to  be 
low;  and  lamps  of  less  than  IG  candle-power  for  220-volt  circuits  are 
not  practical,  owing  to  difficulty  in  manufacture.  For  series  dis- 
tribution, a  low  voltage  and  higher  current  is  used,  hence  the  fila- 
ments may  be  quite  heavy.  Battery  lamps  operate  on  from  4  to  24 
volts,  but  the  vast  majority  of  lamps  for  general  illumination  are 
operated  at  or  about  110  volts. 


Fig.  3.     Several  Forms  of  Completed  Ijamps. 

Efficiency.  By  the  efficiency  of  an  incandescent  lamp  is  meant 
the  power  required  at  the  lamp  terminals  per  candle-power  of  light 
given.  Thus,  if  a  lamp  giving  an  average  horizontal  candle-power 
of  16  consumes  ^  an  ampere  at  112  volts,  the  total  number  of  watts 
consumed  will  be  112  X  i  =  56,  and  the  watts  per  candle-power 
will  be  56  -^  16  =  3.5.  The  efficiency  of  such  a  lamp  is  said  to  be 
3.5  watts  per  candle-power,  or  simply  watts  per  candle.  IT'a^^* 
economy  is  sometimes  used  for  efficiency. 

The  efficiency  of  a  lamp  depends  on  the  temperature  at  which 
the  filament  is  run.  In  the  ordinary  lamp  this  temperature  is  between 
1,280°  and  1,330°  C,  and  the  curve  in  Fig.  4  shows  the  increase  of 
efficiency  with  the  increase  of  temperature.    The  temperature  attained 
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l»v  a  tilariK'iit  (Ii'jm'IhIs  oii  tin-  rale  at  wliidi  ln-at  is  ra<liat<<l  ami  tin- 
ainouiit  t)f  jxiwir  siipplitil.  VUv  rate  of  radiation  of  lu-at  is  propor- 
tional to  tlu-  ari-a  of  tin-  lilamciit,  the  i-livatiori  in  tt-nipt-ratiirt-,  ami 
the  einissivity  of  the  .surface. 

Hv  enii.ssivity  is  meant  the  number  of  lieut  uiiit-s  emitte«l  from 
unit  surface  per  (le<;ree  rise  in  temperature  alM)ve  that  of  surroumJinj; 
luMJies.  The  hrifxht  surface  of  a  flashed  filament  has  a  lower  emis- 
sivity  than  the  dull  surface  of  an  unheated  filament,  hence  less 
etierfjv  is  lost  in  heat  radiation  ami  the  cfKciency  of  the  filament  is 
increa:3ed. 

As  soon  as  incamlescence  is  reaehe<l,  the  illumination  increases 
much  juore  rapidly  than  the  emission  of  heat,  hence  the  increase  in 
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Fin.  4.     KnU-leury  Curve  for  Iiu-aiulcM  lut  I^nip. 

cfTiciency  shown  in  Fij,'.  I.  Were  it  not  for  the  rapid  disinffiration 
(»f  the  carhon  at  high  temperature,  an  clliciency  hij,'her  than  3.1  watts 
coultl  he  obtained. 

Hy  a  special  treatment  of  the  carbon  filaments,  the  nature  of  the 
carbon  is  so  chanp-tl  that  the  filaments  may  be  run  at  a  higher  tem- 
perature and  the  lamps  still  liavc  a  life  comparable  lu  that  of  the  .i.l- 
watt  lami).  Lamps  iisiiii,'  these  special  carbon  filam«-nls  are  known 
as  (/im  iiutnllizril  Jiliiinnit  liimp.s,  or  merely  as  gem  lamp.i,  uiul  they 
will  Im'  described  more  fully  later. 

Relation  of  Life  to  Efficiency.  Ordinnni  ('(irlnm  Lamp.  Hy 
the  useful  life  of  a  lam|>  is  meant  the  length  of  lime  a  lamp  will  burn 
iM-fore  its  <andh'-power  has  decn-asetl  to  such  a  value  thai  it  wi>ulil 
be  more  economical  to  rc|)lace  the  lamp  with  a  new  oin*  than  to  con- 
tinu»-  to  us«-  it  at  its  di'crcased  value  .\  decrease  to  S(V,'  of  the  initial 
caiiidle-|M)W«T  of  carbon  lamps  is  now  taken  as  llie  point  at  which  a 
hmip     Ik.uM   be   replaced,   and   the   tiorm.d   life  of   a   lamp  is  in   the 
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neighborhood  of  800  hours.  To  obtain  the  most  economical  results, 
such  lamps  should  always  be  replaced  at  the  end  of  their  useful  life. 

In  Table  I  are  given  values  of  efficiency  and  life  of  a  3.5-watt, 
110-volt  carbon  lamp  for  various  voltages  impressed  on  the  lamp. 
These  values  are  plotted  in  Fig.  5.  The  curves  show  that  a  3% 
increase  of  voltage  on  the  lamp  reduces  the  life  by  one-half,  while  an 
increase  of  6%  causes  the  useful  life  to  fall  to  one-third  its  normal 
value.  The  effect  is  even  greater  when  3.1-watt  lamps  are  used,  but 
not  so  great  with  4-watt  lamps.  From  this  we  see  that  the  regulation 
of  the  voltage  used  on  the  system  must  be  very  good  if  high  efficiency 
lamps  are  to  be  used,  and  this  regulation  will  determine  the  efficiency 
of  the  lamp  to  be  installed. 

Selection  of  Lamps.    Ordinary  Carbon  Type.     Lamps  taking  3.1 

watts  per  candle-power  will  give  satisfaction  only  Avhen  the  regulation 

of  voltage  is  the  best — practically  a  constant  voltage  maintained  at  the 

normal  voltage  of  the  lamp. 

TABLE  I 

Effects  of  Change  in  Voltage 

Standard  3. 5- Watt  Lamp 


VO'.TAOE 

Pee  Cent,  of 
Normal 

Candle-Power 

Per  Cent,  of 

Normal 

"Watts  Per 
Candle-Powf-r 

Life  Per  Cent. 
OF  Normal 

Deterioration 

Per  Cent,  of 

Normal 

90 

53 

5.36 

9). 

56 

5.09 

92 

61 

4.85 

93 

65 

4.63 

94 

69 

4.44 

394 

25 

95 

73 

4.26 

310 

32 

96 

78 

4.09 

247 

44 

97 

83 

3.93 

195 

51 

98 

88 

3.78 

153 

65 

99 

94 

3.64 

126 

79 

100 

100 

3.5 

100 

100 

101 

106 

3.38 

84 

118 

102 

111 

3.27 

68 

146 

103 

116 

3.16 

58 

173 

104 

123 

3.05 

47 

211 

105 

129 

2.95 

39 

253 

106 

137 

2.85 

31 

316 

107 

143 

2.76 

26 

380 

108 

152 

2.68 

21 

474 

109 

159 

2.60 

17 

575 

110 

167 

2.53 

16 

637 

Lamps  of  3.5  watts  per  candle-power  should  be  used  when  the 
regulation  is  fair,  say  with  a  maximum  variation  of  2%  from  the 
normal  voltage. 
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("urvos  of  Klllcli'iii-y  and  Life  of  rarl>on  Filunient  iHirnjMi. 


Lamps  of  4  watts  per  candK'-powiT  sliould  l»o  installetl  when  the 
n  LTKlatiuti  is  poor.  Tlu-se  values  aiv  for  lU)-volt  lamps.  A  2l!(>-volt 
lamp  slioiikl  have  a  lower  efKciciicy  to  fjive  a  long  life.     This  is  on 
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i^Od  300  400  300 

HOURS 
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necoiiiil  of  tin-  fact  that,  for  the  same  caiKlle-power,  the  2'J()-volt  lamp 
must  he  constnicled  with  a  filament  which  is  long  and  sh-nder  coin- 
pared  to  that  of  the  1  lO-volt  lamp,  and  if  such  a  filament  is  run  at  a 
high  temperature  its  life  is  short.  The  Ul'O-volt  lamp  is  used  to  s(»me 
considerahle  extent  ahroad  hut  it  is  not  empKned  e.xtensively  in  thr 
I'niled  States.  It  is  eiislomary  to  operat*-  siieh  lamps  at  an  eflieiency 
of  ahoiit   l  watt.s  pir  eandle-power. 
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Lamps  should  always  be  renewed  at  the  end  of  their  useful  life, 
this  point  being  termed  the  smashing-'point,  as  it  is  cheaper  to  replace 
the  lamp  than  to  run  it  at  the  reduced  candle-power.  Some  recom- 
mend running  these  lamps  at  a  higher  voltage,  but  that  means  at  a 
reduced  life,  and  it  is  not  good  practice  to  do  this. 


Fig.  7.     Horizontal  Distribution  Curve  for  Single-Loop  lil^ment. 

Fig.  6  shows  the  life  curves  of  a  series  of  incandescent  lamps. 
These  curves  show  that  there  is  an  increase  in  the  candle-power  of 
some  of  the  lamps  during  the  first  100  hours,  followed  by  a  period 
during  which  the  value  is  fairly  constant,  after  which  the  light  given 
by  the  lamp  is  gradually  reduced  to  about  80%  of  the  initial  candle- 
power. 
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l)i>trihiilioii  ol  l.i;;lit.  In  11;^;.  1  art-  .shown  various  forms  of 
filaments  used  in  incandi-sfent  lamps,  and  Fi^.  7  and  8  show  the  dLs- 
trihution  of  li^lit  from  a  sinf,'h'-hM)j)  fihinient  of  cylindrical  cross- 
section,  rij,'.  7  shows  the  distril)ntion  of  li^'ht  in  a  horizontal  plane,  the 
lamp  Itciii;;  mounted  in  a  vrrticid  position,  and  Fig.  S  shows  the  di.s- 


lao  '  ■  ■  I       i 


FIk    k       VtTlliiil  DIstrihiillMii  <"iirv«'  for  Slniclo-IxM.p  Fllaiiieiit. 

tribulion  in  a  vrrliral  phni-.  l?y  clian^'iiij^  (he  sliap*-  of  the  lilaincnt 
th<'  li^ht  distriltution  is  \aiifd.  A  intaii  of  (he  rcailings  lakni  mi 
tin-  horizontal  plane  forms  (he  mcdii  horizontdl  raniUi-jHwrr,  and 
this  cjindlt  -pnwir  ralinj^  is  the  one  generally  a.s,sume«l  for  the  onlinary 
incande.sciiil  lamp.  .\  iiuaii  of  (he  rea«lings  taken  in  ji  vertical  plan«' 
gives  us  the  mean  vertical  ( anille-power,  Imt  (his  value  is  of  li((le  use. 
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Mean  Spherical  Candle=Power.  When  comparing  lamps  which 
give  an  entirely  different  light  distribution,  the  mean  horizontal 
candle-power  does  not  form  a  proper  basis  for  such  comparison,  and 
the  mean  spherical  or  the  mean  hemispherical  candle-power  is  used 
instead.  By  mean  spherical  candle-pcnver  is  meant  a  mean  value  of 
the  light  taken  in  all  directions.  The  methods  for  determining  this 
will  be  taken  up  under  photometry.  The  mean  hemispherical  candle- 
power  has  reference,  usually,  to  the  light  given  out  below  the  horizon- 
tal plane. 

The  Gem  Metallized  Filament  Lamp.  When  the  incandescent 
lamp  was  first  well  established  commercially,  the  useful  life  of  a  unit, 
when  operated  at  3.1  watts  per  candle,  was  about  200  hours.  The 
improvements  in  the  process  of  manufacture  have  been  continuous 
from  that  time  until  now,  and  the  useful  life  of  a  lamp  operated  at 
that  efficiency  to-day  is  in  the  neighborhood  of  500  hours.  Experi- 
ments in  the  treatment  of  the  carbon  filament  have  led  to  the  intro- 
duction of  the  gem  metallized  filament  lamp.  This  lamp  should  not 
be  confused  with  the  metallic  filament  lamps,  to  be  described  later, 
because  the  material  used  is  carbon,  not  a  metal.  As  a  result  of 
special  treatment  the  carbon  filament  assumes  many  of  the  character- 
istics of  a  metallic  conductor,  hence  the  term  metallized  filament. 
The  word  graphitized  has  been  proposed  in  place  of  metallized. 

TABLE  II 
*  Data  on  the  Qem  Metallized  Filament  Lamp 


Watts 

Horizontal 
C.  P. 

Watts  per 
Candle 

tSpHERICAL 

Reduction- 
Factor 

$  Useful 
Life 

10 

16 

2.5 

.816 

450  hr.s. 

50 

20 

2.5 

.825 

450     " 

80 

32 

2.5 

.816 

450     " 

100 

40 

2.5 

t 

460     " 

125 

50 

2.5 

,     t 

450    " 

187.5 

to 

2.5 

t 

450    " 

250 

100 

2.5 

t 

450    " 

*  These  lamps  are  normally  rated  at  three  voltages,  114,  112,  and  110  volts,  but 
data  referring  to  the  highest  voltage  only  are  given. 

t  By  spherical  reduction  factor  is  meant  the  factor  by  ■which  the  horizontal  candle- 
power  must  be  multiplied  to  obtain  the  mean  spherical  candle-power. 

t  The  larger  units  are  almost  invariably  used  with  reflectors,  hence  no  spherical 
reduction  factor  is  given. 

$  The  life  of  the  lamps  when  operated  at  the  lower  voltage  is  increased  to  about 
O.'iO  hours,  and  the  efficiency  is  changed  to  2.83  watts  per  candle. 
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Wlitii  ;i  (ilaiiifiit,  as  tn-atid  in  llu-  .jnlinary  iiiaiiti>. r,  i.s  run  at  a 
hif,'li  ti'iii|M'ratiiri*  in  a  lain|)  tlitTt-  i.s  lio  iinproveineiit  of  tlie  filament, 
hut  it  wa.s  tli.sctJViTfil  that,  if  tht-  tn-ati-d  iihiiuent:>  were  suhjcctitl  to 
the  fXtrcniilv  hij^h  tenijKTatiirr  t)f  tht-  eli-ftric  re.si.stani-e  furnact' — 
.'i.lXM)  to  3,7(J<)  (U'<i^ree.s  C. — at  atinosphfric  pres-snix-,  the  phvsieal 
nature  of  the  earlxjU  wa.s  chanpul  ami  the  re.sultin^  fihitnetit  eouM  Ik.* 
ojHTated  at  a  hij^her  teinjXTature  in  tlie  hinip  and  a  higher  eflieiency. 
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KiK   9      Typliiil  DiKlrllnitli.n  f'urves  of  ficm  I.imipwilli  niircn'iit  Tyix*  ii(  n«-lUvt<irs. 

and  ^till  maintain  a  lite  cdniparalilf  n>  tli;il  of  a  .1.  l-\va(l  lamp.  'This 
special  healin;,'  «if  tlie  filament,  which  is  apj)lied  to  the  ha.se  filament 
Ixfore  it  is  flashed,  as  well  as  to  the  tri-ated  filament,  eausi'.s  the  eold 
resistance  of  the  carhini  In  he  very  materially  deereji.se*!  and  the  fila- 
ment, as  us«-d  in  the  lamp,  has  a  j)osilive  temperature  eiK-flieient  — 
rise  in  resistanct-  with  rise  in  temperatun — a  thsirahle  f«'ature  from 
llii  i.iiidpuiiii  of  Vdltap-  r<;,ndali(>n  of  the  circuit  from  \\lii(h  the 
lanip^  are  npcralcd.  The  lii^'li  temperature  also  resull.s  in  the  driving 
off  of  con^id^•^al<le  of  the  material  which,  in  the  ordinary  lamj).  eau.scs 
the  t;lol>r  to  Maekeli  after  the  lamp  has  l»ccn  in  um-  for  some  time. 
The  lilackiiiinj,'  of  the  l)uli>  is  rev|ionsii(lj-  to  a  con.sidendtle  ih'^ret* 
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for  the  decrease  in  candle-power  of  the  incandescent  lamp.  The 
metallized  filament  lamp  is  operated  at  an  efficiency  of  2  5  watts  pei 
candle  with  a  useful  life  of  about  500  hours.  The  change  in  candle- 
power  with  change  in  voltage  is  less  than  in  the  ordinary  lamp  on 
account  of  the  positive  temperature  coefficient  of  the  filament.  These 
lamps  are  not  manufactured  for  very  low  candle-powers,  owing  to  the 

difficulty  of  treating  very  slender  fila- 
ments, but  they  are  made  in  sizes  con- 
suming from  40  to  250  watts.  Table  II 
gives  some  useful  information  in  connec- 
tion with  metallized  filament  lamps.  The 
filaments  are  made  in  a  variety  of  shapes 
and  the  distribution  curves  are  usually 
modified  in  practice  by  the  use  of  shades 
and  reflectors.  The  general  appearance 
of  the  lamp  does  not  differ  from  that  of 
the  ordinary  carbon  lamp.  Fig.  9  shows 
typical  distribution  curves  of  the  metallized 
filament  lamp  as  it  is  installed  in  practice. 
Metallic  Filament  Lamps.  The  Tan- 
talum Lamp.  The  first  of  the  metallic 
filament  lamps  to  be  introduced  to  any  considerable  extent  com- 
mercially was  the  tantalum  lamp.  Dr.  Bolton  of  the  Siemens  & 
Halske  Company  first  discovered  the  methods  of  obtaining  the  pure 
metal  tantalum.  This  metal  is  rendered  ductile  and  drawn  into 
slender  filaments  for  incandes- 
cent lamps.  Tantalum  has  a  high 
tensile  strength  and  high  melting 
point,  and  tantalum  filaments  are 
operated  at  temperatures  much 
higher  than  those  used  with  the 
carbon  filament  lamp.  On  ac- 
count of  the  comparatively  low 
specific  resistance  of  this  material 
the  filaments  for  110-volt  lamps  must  be  long  and  slender,  and 
this  necessitates  a  special  form  of  support.  Figs.  10,  11,  and  12 
show  some  interesting  views  of  the  tantalum  lamp  and  the  fila- 
ment.    This   lamp   is   operated    at   the   efficiency   of  2   watts   per 


Fig.  10. 


Round  Bulb  Tantalujn 
Lamp. 


Fig.  11. 


Tantalum  Filament  Before  and 
After  1,000  Hours'  Use. 
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randlf-powtT,  with  a  Hf«*  companililf  tu  that  of  thr  ordinary  lam|i. 
By  s|)fcial  trcatiiu'nt  it  is  |i<is.sil)lc  to  iiK-rea.sf  the  rrsistaiicf  of  the 
tilainctits  so  tliat  ihtv  iiiav  In-  >hor(tr  ami  heavier  than  those  ustnl  itk 


n    ' 


Fijc.  12. 
Appoanuice  of  Kilninent  After  Filiinu'iit    Kniinc  Showing 

IIuviiiK  Hw-n   Usccl.  Hrokeii  Fllunu'iit. 

the  first  of  the  laiilahiiii  lamps.  It  should  lie  noted  that  the  life  of 
this  fvpe  of  lainji  on  altiTuatinij-ciirrent  eirouits  is  soim-what  uncer- 
tain; it  is  nineh  more  satisfiictory  for  operation  on  dircct-<iirrent 
eirenits.  Tallies  III  and  I\' j;ive  some  <;encral  data  on  the  lantahiin 
lamp,  and  Kifjs.  13  and  II  show  typical  di>tril)ntion  curves  for  the 
units  as  installed  at  present. 

TAIU.L  III 
Data  on    Tantalum   Lamp 

(iKNKKM.   Kl-KCMKir  (o.  MKIlts. 
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T/vBLE  IV 
Data  on  the  Life  of  a  25=C.  P.  Unit 


No.  OF  HoDRS  Burned 

Candle-Power 

Watts  per  Candle 

0 

19.8 

2.17 

25 

23.6 

1.865 

50 

23.1 

1.90 

125 

22.3 

1.98 

225 

22.4 

1.96 

350 

22  .3 

1.97 

450 

22.2 

1.98 

550 

21.2 

2.05 

G50 

19.6 

2.20 

Fig.  13.      Vertical  Distributiou  Curve  Without  Reflector. 

The  Tungsten  Lamp.  Following  closely  upon  the  development 
of  the  tantalum  lamp  came  the  tungsten  lamp.  Tungsten  possesses 
a  very  high  melting  point  and  an  indirect  method  is  employed  in 
forming  filaments  for  incandescent  lamps.  There  are  several  of  these 
methods  in  use.  In  one  method  a  fine  carbon  filament  is  flashed  in 
an  atmosphere  of  tungsten  oxychloride  mixed  with  just  the  proper 
proportion  of  hydrogen,  in  which  case  the  filament  gradually  changes 
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to  olio  of  tuiifjsttMi.  A  Sfcoiid  iiiftlxxl  consisLs  of  the  use  of  fxjwden*<l 
tungsten  and  some  hiiidiii^  material,  sometimes  orgjinie  and  in  other 
eases  metallie.  The  j>o\v<lered  tiiii;,'sten  is  mixed  with  the  hiiiding 
nmterial,  the  paste  stjuirted  into  fihuiu-nts,  and  the  Itindin^'  material  is 
then  ex|x>lietJ,  usually  hy  the  aid  of  heat.  Another  metJKHl  of  manu- 
facture consist's  of  seenriri;;  tuiii^ten  in  (-oljoidal  form,  sr|uirtin{;  it 


*o'       30*       eo'       10        o'      to*      so'      JO* 
KIk.  H.     DLtlritiutloii  f'urvos  fitr  Timtuliim  I,rnii>       N"    I.  10  Watts.  No    ?.  so  Wntln 


into  filaments,  and  then  ehan<,'iii;^  them  (o  the  metallic  form  liv  passinj; 
electric  current  throu;^h  the  filaments. 

The  tunj^sten  lam|>  has  the  highest  eflieit-ncy  t)f  any  of  the  com- 
mercial f(»rtns  of  metallic  filament  lamps  now  in  u-^e,  ahout  1.2.'>  watts 
per  candle-power  when  operateil  so  as  to  pve  a  normal  life,  and  lamps 
for  I  i()-volt  .service  and  consuming  hut  Id  watts  have  HM-ently  Ixvu 
put  on  the  market.  .\  'J.")-watt  lamp  for  this  same  voltajji-  apjwars  to 
lie  a  possihility.  'I'he  units  intr<Hliiced  at  fir>>t  were  <tf  hi};h  candle- 
|)<>\ver  JM-eause  of  the  dilliiiilty  of  manufacturing  the  slender  filainent." 
re<|uired  for  (he  low  candle-power  lamps. 
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The  advantages  of  these  metals,  tantalum  and  tungsten,  for 
incandescent  lamps  are  in  the  improved  efficiency  of  the  lamps  and 
the  good  quality  of  the  light,  white  or  nearly  white  in  both  cases. 
In  either  case  the  change  in  candle-power  with  change  in  voltage  is 
less  than  the  corresponding  change  in  an  ordinary  carbon  lamp.  The 
disadvantage  lies  in  the  fact  that  the  filaments  must  be  made  long  and 
slender,  and  hence  are  fragile,  for  low  candle-power  units  to  be  used 


Fig.   15.     Multiple  Tungsten  Lamp. 


Fig.  1  6.     Series  Tungsten  Lamp. 


on  commercial  voltages.  In  some  cases  tungsten  lamps  are  con- 
structed for  lower  voltages  and  are  used  on  commercial  circuits  through 
the  agency  of  small  step-down  transformers.  Improvements  in  the 
process  of  manufacture  of  filaments  and  of  the  method  of  their  sup- 
port have  resulted  in  the  construction  of  110-volt  lamps  for  candle- 
powers  lower  than  was  once  thought  possible.  Figs.  15  and  16  show 
the  appearance  of  the  tungsten  lamp,  and  Figs.  17  and  18  give  some 


112 


ELECTRIC  LICIITINCf 


10 


tvpical  (li>liil)iiti<iti  (iir'rs.     'raMfs  \'  ami  \'I  jjive  tlata  on  this  lamp 
as  it  i>  iMaiiiifactiinil  at  ))riMiii.     (  )iie  vi-ry  coij.si»Jeral>lt*  a|>|ili(-uti(>ri 


"20*  10'  0*  To*  20* 

Flu.  17.     (      1"    l)i>iril>\i'iiiri  ^'\\^\>■s  t>1  lint- Watt  (ieii.  Klw.  TuiiKXten 

IiifiiiulcSifiit   fiiits  witli  \i-:i,  ('-:{,  uiiil   !)-.■{  Holiiplianwt. 

(»f  the  tiiiij^rstri)  hiinp  is  to  iiicandcsciMit  .stm-t  h^htiiif;  on  series  cir- 
euit.s,  in  which  ea.se  tlie  hiinp  may  l)e  made  for  a  low  volta{;e  acro.s.s 
its  terminals  and  tiie  (ilaiiuiit  may  !»«■  made  eoiii]>arativcly  short  and 


FIr.  18.     ("liuIIp-I'dwpt  IllMrllnitliiii  (ilvoii  wiih  <(i  r.  p   iieii.  Klec.  TiinK»*«> 
Srrlift  l.!iin|)  iiiul  K:ill:il  \Vii  vc  Hollit  tor 

heavy.      'I'he  linij,'st<ii  lain|)  is  also  Itriti;^'  itilnxliirril  as  a  low  voltage 
lialtrry  Iam|t. 

Tin-  .Fiisi  lamp,  the  '/.  lamp,  the  ( )sram  lamp,  the  /,ir«-on-W»)|fram 
lamp,  the  ()smiri  lamp,  «le..  are  all  tiin^'steii  lamps,  the  filaments 
iM-in^  prepared  hy  some  of  the  j^'eiieral  iiiclhods  already  deserilHtl  or 
modihi  alioris  df  ihi-?n. 
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TABLE    V 
Tungsten  Lamps 

MULTIPLE 


Watts 

Volts 

Candle- 

POWER 

Watts 

PER 

C.  P. 

Tip  Candle- 

POWER 

Spherical 

Reduction 

Factor 

40 
60 

100 
125 

32 
40 

1.25 
1.25 

5 

5.6 

76.3 
76.3 

TABLE  VI 
Tungsten  Lamps 

SERIES 


Amperes 

Volts 

Candle-Power 

Watts  per  C 

P. 

4 

13.5 
20.25 

40 
60 

1.35 

5.5 

9.8 
14.7 

40 
60 

1.35 

G.6 

8.2 
12.3 

40 
60 

1.35 

7.5 

7.2 
10.8 

40 
60 

1.35 

The  Osmium  Lamp.  Very  efficient  incandescent  lamps  have 
been  constructed  using  osmium  for  the  filament.  An  indirect  method 
is  resorted  to  in  the  formation  of  these  filaments.  Osmium  lamps 
have  not  been  successful  for  commercial  voltages  because  the  fila- 
ment is  too  fragile  if  it  is  made  to  have  a  high  resistance,  so  these 
lamps  must  be  operated  in  series  or  through  the  agency  of  reducing 
transformers  if  they  are  to  be  applied  to  110-volt  circuits.  At  25 
volts,  lamps  are  constructed  giving  an  efficiency  of  about  L5  watts  per 
candle-power  with  a  life  comparable  to  that  of  a  3.5-watt  carbon  lamp. 
Owing  to  the  introduction  of  the  tungsten  lamp,  the  osmium  lamp 
will  probably  never  be  used  to  any  great  extent. 

Other  Metallic  Filament  Lamps.  Table  VII  gives  the  melting 
points  of  several  metals  which  are  highly  refractory  and  those  already 
mentioned  are  not  the  only  ones  which  have  been  successfully  used 
in  incandescent  lamps.  Titanium,  zirconium,  iridium,  etc.,  have 
been  successfully  employed,  but  the  tantalum  and  tungsten  lamps  are 
the  only  ones  which  are  used  to  any  extent  in  the  United  States. 
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TABLE  Ml 

MeltinR  l»i)int  i>f  Some  A\cUil« 


AffHoxiuATK  Mei-riMO  Poiut 
IN   UicoHKea  C. 


Tungsten 
Titatiiiini 
Taiitaliini 
( >smiuiii 
I'liiiiiiiiin 
ZircoriiuM) 
Silicon 
('iirl)on  (not  a  metal) 


3OW)-3200 

1".KK) 
J.'jOO 
177.'j 
1500 
121K) 
.{(MX) 


The  Hclion  Lamp.  Tlir  lu-linn  lamp,  which  pives  considerable 
promise  of  commercial  (icvclopiiu-iit,  is  a  com{)r()niise  Ix'tween  the 
carbon  lamp  and  the  metallic-  filament  lamp.  A  slender  filament  of 
carbon  is  flashed  in  a  compound  of  silicon  (gaseous  state)  and  a  fila- 
ment composed  of  a  carbon  core  more  or 
less  impregnated  with  silicon  and  coated 
with  a  metallic  layer  is  fornu'd.  The 
emissivity  of  such  a  filament  is  high,  the 
light  is  white  in  color,  and  the  filament  is 
strong.  The  efficiency  of  the  helion  fila- 
ment as  far  as  it  has  been  developed  is 
higher  than  that  of  a  carb(»n  filament 
when  operated  at  the  same  temperature. 
At  1,.'.(K)  degrees  C.  the  efficiency  of  the 
helion  filament  is  2.1')  watts  per  candle- 
power,  while  for  a  carbon  filament  il  is 
about  .S..'>  watts  j)er  candle-j)owcr.  I'ila- 
nieiits  of  this  type  have  been  made  which 
mav  Im"  hcale<l  to  incandescence  in  o|«cii 
air  without  immediate  destruction.  Tlii^ 
lamp  is  not  vet  on  tlie  market. 

The  Ncrnsi  Lamp.     The  .\erii>l  lamp 
is    still    anollier    form    of    incan<l»scent 

lanij),  several  types  of  whi<h  are  shown  in  J'igs.  1'.),  20,  21.  and  22. 
Tliis  lamp  ll.ses  for  (lie  iiw  andex  enl  material  certain  oxides  of  the 
rare  earths,  the  oxides  being  mix<d  in  the  form  «>f  a  paste,  tlu-n 
.s<|uirtcd   through  a  die  into  u  string  which  is  subjected  to  a  ruast- 


I'Ik    10.     W«»tliiKlM>im"  NcniU 
.MiiKlple-Ciluwvr  L«iiip. 
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ing  process  forming  the  filament  or  glower  material  of  the  lamp  as 
represented  by  the  lower  white  line  in  Fig.  23.  The  more  recent 
glowers  are  made  hollow  instead  of  solid.     The  glowers  are  cut  to 

the  desired  length  and  platinum  ter- 
minals attached.  The  attachment 
of  these  terminals  to  the  glowers  is 
an  important  process  in  the  manu- 
facture of  the  lamp.  The  recent 
discovery  of  additional  oxides  has 
led  to  the  construction  of  glowers 
which  show  a  considerable  gain  in 
efficiency  over  those  previously  used. 
The  glowers  are  heated  to  incan- 
descence in  open  air,  a  vacuum  not 
being  required. 

As  the  glower  is  a  non-conductor 
when  cold,  some  form  of  heater  is 
necessary  to  bring  it  up  to  a  tem- 
perature at  which  it  will  conduct. 
Two  forms  of  heater  have  been 
used.  One  of  them  consists  of  a 
porcelain  tube  shown  just  above 
the  glower.  Fig.  23,  about  which  a 
fine  platinum  wire  is  wound;  the 
wire  is  in  turn  coated  with  a  cement. 
Two  or  more  of  these  tubes  are 
mounted  directly  over  the  glower,  or 
glowers,  and  serve  as  a  reflector 
as  well  as  a  heater.  The  second 
form  of  heater  consists  of  a  slender 
rod  of  refractory  material  about 
which  a  platinum  wire  is  wound, 
the  wire  again  being  covered  with 
a  cement.  This  rod  is  then  formed  into  a  spiral  which  surrounds  the 
glower  in  the  vertical  glower  type,  or  is  formed  into  the  wafer  heater. 
Fig.  24,  now  universally  employed  in  the  Westinghouse  Nernst  lamp 
with  horizontal  glowers.  The  wafer  heater  is  bent  so  that  it  can  be 
mounted  with  several  sections  parallel  to  the  glower  or  glowers. 


Fig.  20.      Sectional  View  of  Multiple- 
Glower  Westinghouse  Nernst  Lamp. 
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Tin-  liratiii)^  (K'vicf  is  coim<'<'tt'«l  across  ihe  firciiit  when  tin*  lamp 
is  first  tiinirtl  on,  antl  it  must  Ik-  cut  out  of  circuit  after  the  flowers 
become  coutluctors   in  order  to  save   the  enep/v  eoiisiun***!   l»v   the 


FIk-  21.     Swtional  Views  of  SiiiKle-OlDwer  Wi-stitm'housc  NiniKt  Lamp 

lu-atcr  ai.tl  to  ]>n>li>ii<,'  tlif  life  of  ihc  iicatcr.  Tlie  automatic  cul-ottt 
is  oj)erati'(l  l»v  means  of  an  elect roma;,'net  st)  arran<;e(l  that  current 
flows  throuj^li  tiiis  maj^net  as  soon  as  the  glower  hecomes  a  coniluctor, 
and  contacts  in  the  heater  circuit 
are  o[)ened  hy  this  maj,Miet.  The 
conta«fs  in  the  iicater  circuit  are 
ki|)l  rKirnially  closed,  usually  I.y  the 
force  of  gravity. 

The  coniluctivily  of  the  glower 
increases  widi  the  iticrcas*-  of  teni- 
peratun — the  material  has  a  nega- 
tive temj)eratur«'  coellicient-  hence 
if  it  were  Used  on  a  constant  |i..ieM- 
lial  circuit  directly,  the  current 
and  temperalure  woidil  continue 
to  rise  until  the  glower  was  de- 
stroyed.      lo    prevent    the    « iirniit 


NV(<Ktin«lMniM>  Nerurt  8<tow 
Uunkcr. 
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from  increasing  beyond  the  desired  value,  a  ballast  resistance  is 
used  in  series  with  the  glower.  As  is  well  known,  the  resistance  of 
iron  wire  increases  quite  rapidly  with  increase  in  temperature,  and 

the  resistance  of  a  fine  pure  iron  wire 
is  so  adjusted  that  the  resistance  of  the 
combined  circuit  of  the  glower  and  the 
ballast  becomes  constant  at  the  desired 
temperature  of  the  glower.  The  iron 
wire  must  be  protected  from  the  air 
to  prevent  oxidization  and  too  rapid 
temperature  changes,  and,  for  this 
reason,  it  is  mounted  in  a  glass  bulb 
filled  with  hydrogen.  Hydrogen  has 
been  selected  for  this  purpose  because 
Fig.  23.    Westiughouse  Nemst  Screw  It  is  an  inert  gas  and  conducts  the  heat 

Burner  with  Globe  Removed,  c  x\        \     n      j.    j.       n  ii         t   ii 

Showing  Glower  and  ^^"^   "^^   ballast  to   the  walls  of  the 

Tubular  Heater.  bulb   better   than   other  gases   which 

might  be  used. 

All  of  the  parts  enumerated,  namely,  glower,  heater,  cut-out,  and 

ballast,  are  mounted  in  a  suitable  manner;  the  smaller  lamps  have  but 

one  glower  and  are  arranged  to  fit  in  an  incandescent  lamp  socket, 

while  the  larger  types  are  constructed  at  present  with  four  glowers 
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Fig.  24.     Wafer  Heater  and  Jlouutius 


and  are  arranged  to  be  supported  in  special  fixtures,  or  the  same  as 
small  arc  lamps.  All  parts  are  mechanically  arranged  so  that  renew- 
als may  be  easily  made  when  necessary  and  it  is  not  possible  to  insert 
a  part  belonging  to  one  type  of  lamp  into  a  lamp  of  a  different  type. 
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The  ativautajjes  ilaiiiud   f(»r   l\\v   Nrriisf   lamp  an-:  IIijj:h   «'fli- 
(it'ruv;  a  pMj<l  color  of  li^'lit;  a  j,'o«k1  (li>tril.iitii»ri  of  lij^lit  without  the 
usf  of  ri-fk'ttoi    •  a  long  lifr  with  low  co>t  of  iiiaiiit<  naiKi •;  ami  a 
conij)li'tf    svr'ws   of   sizes   of   units, 
thus  allowing  it.s  a(hi()tion  to  j)ra<'- 
tically  all  cla.sscs  of  illumination. 

Thf  lanij)  is  c-otistructcd  fur 
l>oth  <lin"(t-  an«l  alti'rnating-c  iirniit 
scrv  ici' antl  for  110  and  1*20  vult^;. 
When  the  altfrnating-curniit  lain]) 
is  used  on  a  llO-volt  circuit  a  small 
transft)rmcr,  commonly  called  a 
cotnrrtcr  coil,  Fig.  2o,  is  utilized  to 
raise  the  voltage  at  the  lamp  ter- 
minals to  about  220  volts. 

Data  on  the  Xernst  lamp  in  its  present  form  are  given  in  TaMe 
^  III,  and   Figs.  2(t  and   27  show   the    form    of   (li'-tril)nti(in   curves. 


l-'i^r.  Jj.     <  oil  verier  foil. 
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Comparison  of  tlic  |)ilkrciU  l>pcs  ol  lnt.anik's<.enl  lamps.  A 
ilirect  comparison  of  tlie  ditlVrent  types  of  incandescent  hun|>s  can- 
not Ih-  made  liul  it  is  desirahle  a(  this  lime  to  note  the  following  |Miiiits: 
The  lainjis  which  an*  consiilered  comnx-rcial  in  the  I'niled  States 
at  the  |>resent  liuH-  an*  the  carlion.  gem,  tantalum,  tungsten,  niul 
Nern^t  lamp.     The  elliciencics  ordinarily  accepted  run  in  the  order 


no 
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given,  approximately  3.1,  2.5,  2, 1.25,  and  1.2  watts  per  candle  respec- 
tively. The  figure  of  1.2  watts  per  candle  for  the  Nernst  lamp  is 
based  upon  the  mean  hemispherical  candle-power  and  it  should  not 
be  compared  directly  with  the  other  efficiencies.  The  color  of  the 
light  in  all  of  the  above  cases  is  suitable  for  the  majority  of  classes  of 
illumination,  the  light  from  the  higher  efficiency  units  being  some- 
what whiter  than  that  from  the  carbon  lamp.  All  of  these  lamps  are 
constructed  for  commercial  voltages  and  for  either  direct  or  alternating 
current.     The  use  of  the  tantalum  lamp  on  alternating  current  is  not 


60'  7S'  so'  7S>'  60' 

Pig.  26.     Distribution  Curve  of  1 32- Watt  Type  Westinghouse  Nernst  Lamp. 
Single  Glower. 


always  to  be  recommended  as  the  service  is  unsatisfactory  in  some 
cases.  The  minimum  size  of  units  for  110  volts  is  about  4  candle- 
power  for  the  carbon  lamp,  20  candle-power  for  the  metallic  filament 
lamp,  and  50  candle-power  (mean  hemispherical)  for  the  Nernst 
lamp.  Some  of  the  metallic  filament  lamps  are  constructed  for  a 
consumption  of  as  high  as  250  watts,  while  the  largest  size  of  the 
Nernst  lamp  uses  528  watts.  The  light  distribution  of  any  of  the 
units  is  subject  to  considerable  variation  through  the  agency  of  re- 
flectors, but  the  Nernst  lamp  is  ordinarily  installed  without  a  reflec- 
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ti)r.  I'rat  ti(allv  all  nf  tin-  ollit  r  tiiiit>  of  lii|,'li  taiMil(-|m\\<r  list-  rt*- 
liictors  and  only  a  f»-\v  of  tin-  typital  ctirvrs  of  li^lit  ijistriliiition  curvi-s 
with  rfll«'<t(jr.s  luivi'  iM-fii  .shown  in  connection  with  tiu-  «lc.scri|j(ioii 
of  the  hiinps.  The  life  of  all  of  the  eoniinercial  lainjis  «lf.s<TilK*«l  is 
consideretl  as  satisfactory.  The  niiniiniiin  lif«-  is  seMoiii  less  than 
'>()()  hours  anil  the  useful  life  is  p-nerally  Utween  .')()0  and  l.()()0  lunir^. 
( )n  account  of  the  slender  filaments  eniployeil  in  the  tnetallic  filament 


60*  75'  so*  75'  60* 

lik'.  -7.     Distribution  of  Lisht  from  Multlple-Olower  WestltiKhouso  Ncriist  I.ani|Mi  with 

8'  t'leur  Globes.     Xo.  1,  2  Glower;  No.  2,  W  tilower:  No.  3,  4  (Uowit. 

lamj)s  thcv  are  not  made  for  low  caiidle-jxtwers  at  coininercial  vol- 
ta;,'es.  The  introtliiction  of  transformers  for  the  purpose  of  chanj,'in^ 
the  circuit  volfa;:e  to  i)nc  suilahlc  for  low  candle-power  units  has  not 
l>cc(»mc  at  all  j^ciicral  as  yet  in  this  country. 

SPRCIAL    LAMPS 

IliL-  N\crcur\  Xapor  I  amp.  Tlic  mercury  va|)or  lamp  in  (his 
country  i>  put  on  the  market  l.y  the  Coopcr-IIewitt  l""lectric  (  ompany 
and  it  i>  Itcin^'  used  to  a  consideralile  extent  for  industrial  illumination. 
In  tlii>  lamp  men  iirv  vapor,  niidcnd  incaiitK'.scent  hy  the  pa.s.saj^> 
of  an  electric  current  lhrouj,'h  it,  is  the  source  <»f  lij^hl.  In  its  stiindani 
form  ihi^  lamp  consists  t»f  a  lon^'  ^'lass  tuU'  fn)m  which  the  air  has 
Im'cii  c;ircfull\  exhausted,  and  which  contains  a  siniill  amount  of 
metallic  mcrcnr\ .     The  nicrriir}  i>  litM  in  a  larp-  bull)  at  one  enti  of 
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the  tube  and  forms  the  negative  electrode  in  the  direct-current  lamp. 
The  other  electrode  is  formed  by  an  iron  cup  and  the  connections 
between  the  lamp  terminals  and  the  electrodes  are  of  platinum  where 
this  connection  passes  through  the  glass.     Fig.  28  gives  the  general 
appearance  of  a  standard  lamp  having  the  following  specifications: 
Total  watts  (110  volts,  3.5  amperes)  =  385 
Candle-power  (M.  H.  with  reflector)  =  700 
Watts  per  candle  =  0.55 
Length  of  tube,  total  =  55  in. 
Length  of  light-giving  section  =  45  in. 
Diameter  of  tube  =  1  in. 

Height  from  lowest  point  of  lamp  to  ceiling  plate  =  22  in. 
For  220-volt  service  two  lamps  are  connected  in  series. 
The  mercury  vapor,  at  the  starts  may  be  formed  in  two  ways: 
First,  the  lamp  may  be  tipped  so  that  a  stream  of  mercury  makes 

contact  between  the  two  elec- 
trodes and  mercury  is  vaporized 
when  the  stream  breaks.  Second, 
by  means  of  a  high  inductance 
and  a  quick  break  switch,  a  very 
iiigh  voltage  sufficient  to  pass  a 
current  from  one  electrode  to  the 

Fig.  28.    Cooper-Hewitt  Mercury  Vapor  ,i         ii  i     4.1  •     ' 

Lamp  other  through  the  vacuum,  is  in- 

duced and  the  conducting  vapor 
is  formed.  The  tilting  method  of  starting  is  preferred  and  this 
tilting  is  brought  about  automatically  in  the  more  recent  types  of 
lamp  Fig.  29  shows  the  connections  for  automatically  starting  two 
lamps  in  series.  A  steadying  resistance  and  reactance  are  connected 
as  shown  in  this  figure. 

The  mercury  vapor  lamp  is  constructed  in  rather  large  units, 
the  55-volt,  3.5-ampere  lamp  Ixung  the  smallest  standard  size.  The 
color  of  the  light  emitted  is  objectionable  for  some  purposes  as  there 
is  an  entire  absence  of  red  rays  and  the  light  is  practically  monochro- 
matic. The  illumination  from  this  type  of  lamp  is  excellent  where 
sharp  contrast  or  minute  detail  is  to  be  brought  out,  and  this  fact 
has  led  to  its  introduction  for  such  classes  of  lighting  as  silk  mills  and 
cotton  mills.'  On  account  of  its  color  the  application  of  this  lamp  is 
limited  to  the  lighting  of  shops_,  offices,  and  drafting  rooms,  or  to  dia- 
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|>lay  wiinlows  wlu-re  tUr  ^'«mm1.s  shown  will  not  Ix-  c-han^^iMl  in  apjM'ar- 
ancf  liv  the  color  of  tlu-  li^lit.  It  is  nst-tl  to  a  cunsideraMr  exlfnl  in 
j»liotuj^raj>liic  work  on  account  of  the  actinic  j)ro|H'rtic.s  of  the  lijjht. 
Special  reactances  must  Ik*  provided  for  a  mercury  arc  lamp  operating 
on  sin^'le-phasc.  altcrnatin;;-ciirrcnt  circuits. 

The  Moore  Tube  Li;;ht.  The  Mo<jre  li^'ht  makes  use  of  the 
familiar  Geissler  tul>e  dischar^'e — tlischarge  of  electricity  through  a 
vacuum  tulK- — as  a  source  of  illumination.  The  |)ractical  application 
of  this  ilischarKC  t<>  fi  svstem  of  liL^'litiii'^  has  involved  a  larj;e  amount 


liK.  -U.     wiring  DluCTain.     Twn  II  Aiitimiutlc  I-aiii|>«  l"  S«>rios. 

of  consistent  research  on  the  part  of  the  inventor  ami  it  has  now  U-en 
l)rouj;ht  t<i  such  a  staj,'e  that  several  installations  have  Im-cu  matle. 
The  system  has  many  inten-stinj;  features. 

In  the  normal  method  of  installation,  a  ^'lass  tuU*  1  J  inches  in 
diameter  is  made  uj)  l»y  connecting,'  standard  lcn;;lhs  of  j;las.s  tul»in}» 
toptlur  until  the  total  dcsirid  Icii^'th  is  reached,  and  this  ctintimious 
tulM-,  which  forms  the  source  «>f  li^'ht  when  in  o|Mration,  is  mounte*! 
in  the  desired  position  with  rcspict  to  the  plane  of  illumination.  In 
inanv  cas<-s  the  tuKe  forms  a  lar^'e  rectan^h-  niounted  just  iM'iieath 
the  <eilin^'  of  the  room  to  he  li);hted.  The  IiiIm-  may  Ik-  of  any  n'as»»n- 
ahle  len^'th,  actual  values  running'  from   ID  to  2'20  feet.      In  order  to 
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Tube  diatributea  in 
cnty  form  desi-r&et  to 
le-nyhts  of  zoo  feet 


provide  an  electrical  discharge  through  this  tube  it  is  customary  to 
lead  both  ends  of  the  tube  to  the  high  tension  terminals  of  a  trans- 
former, the  low  tension  side  of  which  may  be  connected  to  the  alter- 
nating-current lighting  mains.  This  transformer  is  constructed  so 
that  the  high  tension  terminals  are  not  exposed  and  the  current  is 
led  into  the  tube  by  means  of  platinum  wires  attached  to  carbon 
electrodes.  The  electrodes  are  about  eight  inches  in  length.  The 
ends  of  the  tube  and  the  high  tension  terminals  are  enclosed  in  a  steel 
casing  so  as  to  effectually  prevent  anything  from  coming  in  contact 
with  the  high  potential  of  the  system.     As  stated,  the  low  tension  side 

of  the  trans- 
former is  con- 
nected to  the 
usual  60-cycle 
lighting  mains. 
If  direct  current 
is  used  for  distribution,  a  motor- 
generator  set  for  furnishing  alter- 
nating current  to  the  primary  of 
the  transformer  is  required.  Any 
frequency  from  60  cycles  up  is 
suitable  for  the  operation  of  these 
tubes.  At  lower  frequencies  there 
is  some  appreciable  variation  of 
the  light  emitted.  One  other  de- 
vice is  necessary  for  the  suitable 
operation  of  this  form  of  light  and 
this  is  known  as  the  regulator.  In  order  to  maintain  a  constant  pres- 
sure inside  the  tube,  and  such  a  constant  pressure  is  necessary  for 
its  satisfactory  operation,  there  must  be  some  automatic  device  which 
will  allow  a  small  amount  of  gas  to  enter  the  tube  at  intervals  while 
it  is  in  operation.  The  regulator  accomplishes  this  purpose.  Fig. 
30  shows  a  diagram  of  the  very  simple  connections  of  the  system  and 
gives  the  relative  positions  occupied  by  the  transformer,  tube,  and  regu- 
lator. Fig.  31  gives  an  enlarged  view  of  the  regulator,  a  description 
of  which  and  its  method  of  operation  is  given  as  follows: 

A  piece  of  |-ineh  glass  tubing  is  supported  vertically  and  its  bottom  end 
is  contracted  into  a  f-inch  glass  tube  which  extends  to  the  main  lighting  tube. 


Fig.    30.      Diagram     Showing     Essential 
Features  of  the  iloore  Light .     1 .  Light- 
ing Tube;    2.    Transformer    Case; 
3.  Lamp  Tenninals;    4.  Trans- 
former; 5,  6,  7,  8,  Regulators. 
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At  the  {)uiiit  uf  contractiuii  at  the  huttuin  of  the  {-inch  IuIm;  therv  U  M-alc*! 
by  i]ieaii8  of  ceiiu-nt  a  J-inch  curliuii  phi^,  thi-  iK>rohity  of  which  i*!  not  gn-al 
cnougli  to  allow  mercury  to  iM.rcoIate  throiiuli  it  but  which  will  {icrniit  giuics 
easily  to  pass,  due  to  the  hi^h  vacuum  of  the 
lighting  tube  connected  to  the  lower  eml  of  the 
plug,  and  approximately  atmosjtheric  prenHuro 
above  it.  Thi-s  carbon  plug  i-s  normally  com- 
pletely covered  with  what  would  corres|K)nd  to 
a  thinjbleful  of  mercury  which  simply  seals  the 
pores  of  the  carbon  plug,  and  therefore  has 
nothing  whatever  to  do  with  the  conducting 
proiwrties  of  the  gas  in  the  main  tuijo  wliicii 
produces  the  light.  Partly  immersed  in  the 
mercury  and  concentric  with  the  carbon  plug, 
is  another  smaller  and  movable  glass  tube,  the 
upper  end  of  which  is  fdled  with  soft  iron  wire, 
which  acts  as  the  core  of  a  small  solenoid  con- 
nected in  series  with  the  transformer.  Tiie 
action  of  the  solenoid  is  to  lift  the  concentric 
glass  tube  partly  out  of  the  mercury,  the  sur- 
face of  which  falls  and  thereby  causes  the 
minute  tip  of  the  conical  shaix'd  carbon  plug 
to  be  slightly  exposed  for  a  secoml  or  two. 

Tlii.s  expo.siirf  is  .sufHtifiit  to  allow 
a  .small  amount  of  gas  to  cnti-r  the  tuln', 
the  current  flct-reases  slighdy,  and  the 
carbon  |)liig  is  again  sealed.  The  process 
above  described  takes  j)lace  at  intervals 
of  about  one  minute  when  the  tube  is  in 
oj)eratioM. 

Tin-  rolur  of  the  light  emitted  by  the 
tiiln-  dtpciids  u|)i)ii  the  gas  u.sed  in  it. 
The  regulator  is  fitted  with  .some  chem- 
ical arrangement  whereby  the  j)roper  gas 
is  admitted  to  it  when  the  tube  is  in  opera- 
tion. Nitrogen  is  employed  when  the  tiiix- 
gives  the  highest  clliciency  and  the  light 
emitted  when  this  gas  is  u.sed  is  y«-llowish 
in  color.  Air  gives  a  j)ink  appearance  lo 
the  tube  and  earbon  dio.xide  is  employed  when  a  white  light  is  desirtnl. 

Table  IX  gives  general  data  on  lh«'  Moon*  ttdn'  light.  Thr 
advantages  claimed  for  this  light  are:  High  edicieiicy,  gtHnl  color,  and 
low  intrinsic  brilliancy. 


riK-    :n       Ktviil.iiliiK  Vnlw. 


185 


32 


ELECTRIC  LIGHTING 


TABLE  IX 
Data  on  the  Moore  Tube  Light 


Length  of 
Tube 

Transfoemer 
Capacity 

Power  Factor 
OF  Circuit 

Voltage  at  Lamp  Terminals 

40-70   ft. 

80-125  " 
130-180  " 
190-220  " 

2         kw. 
2.75  " 
3.5     " 
4.5     " 

65-84% 

3,146  for   40-ft.   tube,    at 
12  hefners  per  ft. 

12,441  for  220-ft.  tube,  at 
12  hefners  per  ft. 

Pressure  in  tube,  about  i\j  ni.m. 

Watts  per  hefncr,  3.2  for     20-foot  tube  including  transformer. 

Watts  per  hefuer,  1.4  for  180-foot  tube  including  transfo.-mer. 

Hefner  per  foot,  normal.  12. 

Note  that  one  hefner  equals  0.88  candle-power. 


ARC  LAMPS 

The  Electric  Arc.  Suppose  two  carbon  rods  are  connected  in 
an  electric  circuit,  and  the  circuit  closed  by  touching  the  tips  of  these 
rods  together;  on  separating  the  carbons  again  the  circuit  will  not 
be  broken,  provided  the  space  between  the  carbons  be  not  too  great, 

but  will  be  maintained  through  the  arc 
formed  at  these  points.  This  phenom- 
enon, which  is  the  basis  of  the  arc 
light,  was  first  observed  on  a  large  scale 
by  Sir  Humphrey  Davy,  who  used  a 
battery  of  2,000  cells  and  produced  an 
arc  between  charcoal  points  four  inches 
apart. 

As  the  incandescence  of  the  carbons 
across  which  an  arc  is  maintained,  to- 
gether with  the  arc  itself,  forms  the 
source  of  light  for  a  large  portion  of  arc 
lamps,  it  will  be  well  to  study  the 
nature  of  the  arc.  Fig.  32  shows  the 
general  appearance  of  an  arc  between  two  carbon  electrodes  when 
maintained  by  direct  current. 


Fig.  32. 


The  Electric  Arc  lietween 
Carbon  Terminals. 
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IIiTf  tin-  ciirrtiit  is  assumed  as  passing  from  tin-  twj>  carlH)!!  to 
tilt"  iMJttom  oiu-  as  iiulicatt-d  hy  tin-  arrow  ami  sij^iis.  Wi-  liiid,  in  tin? 
diri(t-<urrint  arc,  that  thr  most  of  tiu-  light  is-sut-s  from  tht-  tip  of  the 
positivi-  carl)«)n,  or  e!eetro<l«-,  and  this  portion  is  known  as  the  crntt-r 
of  the  an-.  This  crater  ha-;  a  temp«ralure  of  from  '.\,^)i)if  to."{,')<K>^  C, 
the  temperature  at  which  tin-  cjirl»(jn  va|)ori/.es,  and  givts  fully  S()  to 
8o%  of  the  light  furnished  I>y  the  arc.  The  negative  carUju  In-comes 
pointed  at  the  same  time  thai  the  po>itive  one  is  hollowed  out  to  form 
the  crater,  and  it  is  also  incandescent  hut  wui  to  as  great  a  dcgn-e  as 
the  positive  carbon.  Between  the  electrodes  there  is  a  band  of  violet 
light,  the  arc  proper,  and  this 
is  surrounded  by  a  luminous 
zone  of  a  golden  yellow  color. 
The  arc  proper  does  not  fur- 
nish more  than  i')^[  of  the  light 
emitted  wluii  pure  carbon 
elcctnjdes  arc  used. 

The  carbons  are  worn 
away  or  consumed  by  the 
passage  of  tiie  current,  the 
positive  carbon  being  con-  '°° 
sumed  about  twice  as  rapidly 
as  the  negative. 

The  light  distribution       "'         "^         ** 

curve     of    a    lllrrrt-nirmit    <trc,      ^■'«   a:i.      DLstHtu.tlon  Crve  for  l>.  *- .  .Vn- 
lMimp  '  Vertlrul  riimo) 

taken   in   a    vi-rtical   plane,  is 

shown  in  Kig.  :V.l  Here  it  is  seen  that  the  maximum  amount  of  light 
is  given  off  at  an  angle  of  about  M°  from  the  vertical,  the  negative 
<-arbon  shutting  off  the  rays  of  light  that  are  thrown  directly  down- 
ward from  the  crat«'r. 

If  alternating  current  is  used,  the  u|)i)er  carbon  iK-coines  |M>sitive 
and  negative  alternately,  and  there  is  no  chance  for  a  crater  to  Ix' 
forme«l,  both  carbons  giving  <»ir  the  same  amount  .if  light  and  U-ing 
consume<l  at  about  the  same  rate.  The  light  tlistributi.in  curve  ..f 
an  (iltrriKifiiKi-i-iirrnif  arc  is  shown  in  I'lg.  .M. 

Arc-l^mp  Mechanisms.  In  a  prac  lical  lamp  we  nnist  have  n«»t 
(Mily  a  |)air  of  carbons  for  jinMluciiig  llu-  arc  but  also  nx-ans  for  r^\i\y 
j.orting  these  carbons,  togeilier  with  suitable  arrangements  for  leuiling 
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the  current  to  them  and  for  maintaining  them  at  the  proper  distance 
apart.  The  carbons  are  kept  separated  the  proper  distance  by  the 
operating  mechanisms  which  must  perform  the  following  functions: 

1.  The  carbons  must  be  in  contact,  or  be  brought  into  contact,  to  start 
the  arc  when  the  current  first  flows. 

2.  They  must  be  separated  at  the  right  distance  to  form  a  proper  arc 
immediately  afterward. 


-^        10" 
Fig.  34.     Distribution  Curve  for  A.  C.  Arc  Lamp  (Vertical  Plane). 

3.  The  carbons  must  be  fed  to  the  arc  as  they  are  consumed. 

4.  Tile  circuit  should  be  open  or  closed  when  the  carbons  are  entirely 
consumed,  depending  on  the  method  of  power  distribution. 

The  feeding  of  the  carbons  may  be  done  by  hand,  as  is  the  case 
in  some  stereopticons  using  an  arc,  but  for  ordinary  illumination  the 
striking  and  maintaining  of  the  arc  must  be  automatic.  It  is  made 
so  in  all  cases  by  means  of  solenoids  acting  against  the  force  of  gravity 
or  against  springs.     There  are  an  endless  number  of  such  mechanisms, 


128 


ELECTRIC  LIGHTING 


35 


hut  a  f<\v  only  will  Ix-  ilr^r  lili.W  lup-.     Tlu-y  may  U-  roughly  divided 
into  tlm-f  cla.s.si'.s : 

1.  Shunt  tiicelianisinii. 

2.  S<'rieH  riK-chaiiisiiiH. 

3.  DifTen'ntial  mechani.sms. 

Shunt  Mtrhaniim.i.  In  sluiiit  lamps,  thr  carlxjn.s  art-  li.ld  apart 
l)t'ft)ri'  tin-  (iirrt-nt  is  tiirncd  on,  and  tlu-  circuit  is  closed  tliro'igh  a 
solenoid  connected  in  across  the  ^ 
gap  so  forin«'d.  All  (jf  the  cur- 
rent must  pass  through   this  coil 


Aa^WvWWWW 


7 


^ 


at  first,  and  the  jilungcr  of  the 
solenoid  is  .irranged  to  draw  the 
carhons  together,  thus  starting 
the  arc.  The  pull  of  the  solenoid 
and  that  of  tli  •  springs  are  ad- 
justed to  maintain  the  arc  at  its 
proper  length. 

Such  lanij)S  have  the  disad- 
vantage of  a  high  resistance  at 
the  start — !.')()  ohms  or  mori- — 
and  are  dillic  ult  to  start  on  series 
circuits,  line  to  the  high  voltage 
re(|uired.  They  tend  to  maintain 
a  constant  voltage  at  the  arc,  lint 
do  not  aid  the  dynamo  in  its 
regulation,  so  that  the  arcs  are 
liaMe  t«)  he  a  littli-  unsteady. 

Series  Mechdtii.tnus.  With 
tlie  series-Ianij)  mechanism,  the 
carhons  are  together  when  tlu-  lamp  is  first  starle<l  and  (he  (  urrcut, 
flowing  in  the  series  coil,  separates  the  j-lectrtMles,  striking  the  are. 
^Vhen  the  aire  is  too  long,  the  resistance  is  increased  and  the  current 
lowere«l  so  that  the  |)ull  of  the  solenoid  is  weakened  and  the  carlM)ns 
feed  together.  This  ty|n'  of  lam|)  (an  l>c  u^cd  onlv  on  t■nn^taIll- 
potcnlial  systems. 

Fig.  .'{.')  .shows  a  diagram  of  the  comict  (ion  of  sik  h  a  lamp.  'I'his 
diagra(n  is  illustrative  of  tin-  coiuie<-tion  of  one  of  tin-  lamps  nianu- 
fa<turcd  hy  the  Western  Klectric  Company,  for  use  on  a  din-ctHiirreiit, 
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FIk.  35.     SorU's  M«-liunlsm  for  D  C. 
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constant-potential  system.  The  symbols  +  and  —  refer  to  the  termi- 
nals of  the  lamp,  and  the  lamp  must  be  so  connected  that  the  current 
flows  from  the  top  carbon  to  the  bottom  one.  Ris  a  series  resistance, 
adjustable  for  different  voltages  by  means  of  the  shunt  G.  F  and  D 
are  the  controlling  solenoids  connected  in  series  with  the  arc.  B  and 
C  are  the  positive  and  negative  carbons  respectively,  while  A  is  the 
switch  for  turning  the  current  on  and  off.     //  is  the  plunger  of  the 

solenoids  and  I  the  carbon  clutch, 
this  being  what  is  known  as  a 
carbon-feed  lamp.  The  carbons 
are  together  when  A  is  first  closed, 
the  current  is  excessive,  and  the 
plunger  is  drawn  up  into  the  so- 
lenoids, lifting  the  carbon  B  until 
the  resistance  of  the  arc  lowers  the 
current  to  such  a  value  that  the 
pull  of  the  solenoid  just  counter- 
balances the  weight  of  the  plunger 
and  carbon.  G  must  be  so  adjusted 
that  this  point  is  reached  when  the 
arc  is  at  its  normal  length. 

Differential  Mechanisms.  In 
the  differential  lamp,  the  series  and 
shunt  mechanisms  are  combined, 
the  carbons  being  together  at  the 
start,  and  the  series  coil  arranged 
so  as  to  separate  them  while  the 
shunt  coil  is  connected  across  the 
arc,  as  before,  to  prevent  the  carbons  from  being  drawn  too  far  apart. 
This  lamp  operates  only  over  a  low-current  range,  but  it  tends  to  aid 
the  generator  in  its  regulation. 

Fig.  36  shows  a  lamp  having  a  differential  control,  this  also  being 
the  diagram  of  a  ^Yestern  Electric  Company  arc  lamp  for  a  direct- 
current,  constant-potential  system.  Here  S  represents  the  shunt  coil 
and  M  the  series  coil,  the  armature  of  the  two  magnets  A  and  A'  being 
attached  to  a  bell-crank,  pivoted  at  B,  and  attached  to  the  carbon 
clutch  C.  The  pull  of  coil  S  tends  to  lower  the  carbon  while  that  of 
M  raises  the  carbon,  and  the  two  are  so  adjusted  that  equilibrium  is 


Differential  Merhanism  for 
D.  C.  Arc  Lamp. 
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Pfaclifd  ulifii  the  arc  is  of  tin-  projM-r  li-n^'tli.  All  of  the  lamps  are 
litlrii  with  ail  air  (hi.shjxjt,  or  scjine  damping  device,  to  prevent  l«x) 
rapiil  iiioveiiient-s  of  the  working  |)arts. 

'1  "he   uiethtMls  of  supporting  the  earljons  and   feeding  tlieiu   to 
the  arc  niav  he  divided  into  two  clashes: 


yrr 


1.      Roil-feotl  incfliaiiism. 
'2.     ('urboti-fev«l  inudiuiiibin. 

Rod-Feed  Mech  a  n  is m. 
Lamps  using  a  nxi  feed  have 
the  upper  carbons  supported 
hy  a  conducting  ro<l,  and  the 
reguhiting  mechanism  acts  on 
this  nxl,  the  current  being  fed 
to  the  rod  by  means  of  a  sliding 
contact.  Fig.  37  shows  the  ar- 
rangement of  this  tN-pe  of  feed. 
The  rod  is  .sliown  at  /?,  the 
sliding  contact  at  Ji,  and  the 
carbon  is  attached  to  the  rod 
at  C. 

These  lamps  have  the  ad- 
vantage that  carbons,  which 
do  not  have  a  uniform  cross- 
.section  or  smooth  exterior,  may 
Ik-  used,  but  they  po.s,sess  the 
disadvantage  of  being  very 
long  in  order  to  accommodate 
the  rod.  The  rod  must  also  be 
kej)t  clean  .so  as  to  make  a 
giMxl  cotitact  with  the  brush. 

f'(trhon-Fttil  Mrrlntiiisiit.  \\\  carboii-fitd  l;imps  (lie  controlling 
mechanism  acts  on  the  carbons  directly  llimugh  sonn-  form  of  clutch 
such  as  is  shown  at  ('  in  Fig.  .'IS.  This  (lamp  grips  the  carUm  when 
it  i-  iifhd,  bill  allows  the  carbon  to  slip  through  i(  when  tin-  tension 
is  releasetl.  l''or  this  type  of  feed  the  carluin  must  U*  straight  and 
have  a  uniform  cross-section  ;is  well  as  a  smooth  »'Xterior.  The 
(iirniil  iii;iv  In-  inl  to  ihc  (arlion  bv  iiH-aiis  of  a  flexible  lead  and  n 
short  carlion  holder. 


Flu.  37.     Ktiil-KwNl    MtN-liiiiiLMii. 
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TYPES  OF  ARC  LAMPS 

Arc  lamps  are  constructed  to  operate  on  direct-current  or  alter- 
nating-current systems  when  connected  in  series  or  in  multiple.  They 
are  also  made  in  both  the  open  and  the  enclosed  forms. 

By  an  open  arc  is  meant  an  arc  lamp  in  which  the  arc  is  exposed 
to  the  atmosphere,  while  in  the  enclosed  arc  an  inner  or  enclosing 


Fig.  38.     Enclosed  Arc  Lamp  with  Carboii-Feetl  Mechanism. 

globe  surrounds  the  arc,  and  this  globe  is  covered  with  a  cap  which 
renders  it  nearly  air-tight.  Fig.  38  is  a  good  example  of  an  enclosed 
arc  as  manufactured  by  the  General  Electric  Company. 

Direct=Current  Arcs.  Open  Types  of  Arcs  for  direct-current 
systems  were  the  first  to  be  used  to  any  great  extent.  Wlien  used 
thev  are  always  connected  in  series,  and  are  run  from  some  form  of 
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sjK-cial  arc  niacliiiir,  a  litscriptioii  of  wliicli  may  Ik-  found  in  *'Tvjh-s 
of  Dynamo  Kltctric  Macliintry." 

Kacli  lamp  rfcjuircs  in  the  m-ij^'liliorluxxl  of  'A)  volts  for  its  o|HTa- 
tioii,  anil,  .since  the  lamps  are  connected  in  series,  the  voltage  of  the 
system  will  depenil  on  the  numher  of  lamps;  therefore,  the  numl>er 
of  lamps  that  may  he  connected  to  one  machine  is  limited  hv  the 
maximum  allowable  voltajje  on  that  machine.  By  special  constnicti<jn 
a.s  many  as  12')  lamps  are  run  from  one  machine,  hut  even  this  .size 
of  j^eiierator  is  not  so  cflicicnt  as  one  of  greater  capacity.  Such  gen- 
erators an-  usually  wound  for  (i.<)  or  0.()  amperes.  Since  the  carlxju-s 
are  exposed  to  the  air  at  the  arc,  they  are  rapidly  consumed,  retjuiring 
that  flu-y  he  renewed  daily  for  this  type  of  lamp. 

Dottblc-carhon  arcs.  In  order  to  increase  the  life  of  the  carlv 
form  of  arc  lamp  without  using  too  long  a  carbon,  tin-  doulile-<arhon 
type  was  intrixluced.  This  type  uses  two  sets  of  carbons,  both  .sets 
being  fed  by  one  mechanism  so  arranged  that  when  one  [)air  of  the  elec- 
trtMles  is  consumed  the  other  is  put  into  .service.  At  present  nearly 
all  forms  of  the  open  arc  lamp  have  disappeared  on  account  of  the 
better  .servi(  c  rendered  by  the  enclosed  arc. 

Enclosal  arcs  for  series  .systems  are  constructed  much  the  same 
as  the  oj)en  lamp,  and  are  controlled  by  either  shunt  or  ilitferential 
mechanism.  They  require  a  voltage  from  OS  to  7')  at  the  arc,  and  are 
usually  constructed  for  from  o  to  O.S  amperes.  Tliev  also  re(|uire  a 
constant-<urrc-nt  generator  or  a  rectilier outfit  if  u.sed  on  alternating- 
current  circuits. 

Constant-pofoiilal  arcs  must  have  some  resistance  connccteil  in 
series  with  tln-m  to  keep  the  voltage  at  the  arc  at  its  pro|M'r  value. 
Thi.$  resistance  is  made  adjustable  .so  that  the  lamps  may  bo  used  on 
any  circuit.  Its  hx-ation  is  clearly  shown  in  Fig.  .'W,  one  coil  being 
hnated  above,  the  other  below  the  operating  .solenoiils. 

Alternating-Current  Arcs.  These  do  not  ililftT  greatly  in  con- 
struction from  the  directMurreiit  arcs.  WIhti  iron  or  other  metal 
part.s  are  used  in  the  controlling  mechanism,  they  mu.st  Ik*  laminated 
or  so  constructi'd  as  to  keep  down  induced  or  eddy  currents  which 
might  Im'  .set  up  in  them.  I''or  this  reason  the  nietal  sp«>o|s,  on  which 
the  .solenoids  are  wound,  are  slotted  at  .some  point  to  prevent  them 
from  forming  a  closi-d  s«'condary  to  the  primary  forme<l  by  the  .s<»|en- 
oid  winding.     On  c«instant-j)oteiilial  circuits  a  n-aclive  coil  is  usitl 
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in  place  of  a  part  of  the  resistance  for  cutting  down  the  voltage  at  the 
arc. 

Interchangeable  Arc.  Interchangeable  arcs  are  manufactured 
which  may  be  readily  adjusted  so  as  to  operate  on  either  direct  or 
alternating  current,  and  on  voltages  from  110  to  220.  Two  lamps 
may  be  run  in  series  on  220-volt  circuits. 

The  distribution  of  light,  and  the  resulting  illumination  for  the 
different  lamps  just  considered,  will  be  taken  up  later.  Aside  from 
the  distribution  and  quality  of  light,  the  enclosed  arc  has  the  advan- 
tage that  the  carbons  are  not  consumed  so  rapidly  as  in  the  open  lamp 
because  the  oxygen  is  soon  exhausted  from  the  inner  globe  and  the 
combustion  of  the  carbon  is  greatly  decreased.  They  will  burn 
from  SO  to  100  hours  without  retrimminc:. 


TABLE  X 
Rating  of  Enclosed  Arcs 


Watts  Consumed 

Mean   Intensity 
IN   H.  U. 

Mean  AVatts 

s 

< 

S 

01 

Spherical 

Lower 
Hemi- 

BPHERI 

H. 

U. 

Lower 

II  EMI- 

8PHERI- 

CAL 

z 

B 
Pi 

S 
< 

o 

a 
< 

Z 

X 

CO 

B.  P 
00 

Q 

D 

z 

z 

OC 

Cleah 
Outer 

00 

Clear 
Outer 

< 

235 

332 

2.37 

1.66 

1 

5.01 

551 

401 

150 

172 

256* 

362* 

3.10 

2.18* 

1  .52* 

3 

F,.OH 

559 

406 

252 

195 

216 

282 

2.85 

2.60 

1  .99 

4 

4.76 

524 

381 

143 

127 

139 

208 

4.12 

3.76 

2.52 

5 

4. let 

458 

333 

125 

154 

174 

221 

2.96 

2.63 

2.07 

7 

4,76 

524 

381 

143 

203 

333 

317 

2.63 

2.20 

1  .65 

9 

4.S< 

532 

387 

145 

182 

226 

281 

2.83 

2.38 

1  .89 

10 

4.9f 

549 

399 

150 

202 

940 

309 

2.74 

2.24 

1  .77 

12 

4  s; 

536 

390 

146 

178 

195 

230 

3.05 

2.66 

2.33 

Mean 

4.9 

529 

3S4 

144 

176 

207 

272 

3.03 

2.60 

1.98 

B. 

s 

-< 

d 

z 

H 
« 

S 
< 

z 

?  o  S 

0  <;  << 

Sou 
o  -;  B 

S 

z 
< 
K 
o 

w 

< 

O 

Ckf^hJ 

p-ife«; 

g 

101 

6.40 

448 

.63 

340 

.82 

108 

127 

141 
203 

206 
236 

3.52 

3.17 
2.26 

2.17 
1  .94 

1C2 

6.79 

459 

.61 

37.1 

.73 

84 

146 

176t 

226t 

3.31 

2.60t 

1.72t 

lO.i 

5.SiJ 

424 

.65 

344 

.75 

80 

116 

130 

147 

3.66 

3.15 

2.88 

105 

6.20 

414 

.61 

382 

.80 

32 

128 

187 
153 

219 
169 

3.24 

2.20 
2.56 

1.89 
2.23 

106 

6.12 

378 

.56 

298 

.70 

80 

132 

182t 

284 

2.82 

2.19t 

1.48t 

108 

6.48 

457 

.64 

38,3 

.80 

74.5 

133 

175 

211 

3.20 

2.61 

2.16 

110 

6.  IS 

339 

.49 

276 

.72 

63 

140* 

126 

143 

2.41* 

2.68 

2.37 

Mean 

6   29 

417 

.60 

342 

.76 

74.5 

130 

159 

190 

3.31 

2.66 

2.23 

♦Condition  of  no  outer  globe.     tCondition  with  shade  on  lamp.    H.U.  Hefner  Units. 

Rating   of  Arc  Lamps.      Open  arcs  have  been  classified  as 
follows ; 
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Full  Arcs,  2.000  cnncIU'-p<>wcT  takiiig  9  5  to  10  uinp«.  or  450-180  watl«. 
Hulf  Arcs,  1,200  cainllc-jxjwcr  taking  0.5  to  7  aiii|>.s.  or  325  ;150  wattii. 

TlifSf  fiiiullr-powtT  ratiiifjs  art'  much  too  lii};li,  and  run  more 
nt-arly  l,2tX)  and  7(K»,  rt'.sjK'ctivcly,  for  tUv  point  of  niaxiniiiin  intensity 
and  If.s.s  than  this  if  the  mean  splierical  (•an<IIe-j)o\ver  l>e  taken.  For 
this  reason,  the  aMi{)ere  or  watt  ratinj^  is  now  used  to  indicate  the 
power  of  the  himp.  It  is  now  recommended  that  speeifieations  for 
street  lif^litin*;  shouM  he  hased  upon  the  ilhimination  pnalueed.  This 
point  is  considered  hiter  under  tlie  topic  of  street  nii;hting.  Ench»sed 
ares  use  from  3  to  G.5  amperes,  l)ut  (he  voltage  at  the  arc  is  higher 
than  for  tlie  open  himj).  Table  X  gives  some  data  on  enclosed  arcs 
on  constant-potential  circuits. 

Efficiency.     The  efficiency  o'  arc  lamps  is  given  as  follows: 

Direct-Current  Arc  (enclosed)  2.9  watts  per  camlle-power. 
.Mternating-Currcnt  Arc  (enclosed)  2.95  watts  [)or  caii<llt-jK)wer. 
Direct-Current  Arc  (open)  .0-1.25  watts  per  candle-power. 

Carbons  for  Arc  Lamps.  Carbons  are  either  moulded  or  forced 
from  a  prothict  known  as  petroleum  cuke  or  from  similar  materials 
such  as /f/m/)W«cA*.  The  material  is  thoroughly  dried  by  heating  to  a 
high  temj)erature,  then  ground  to  a  find  powder,  and  combined  with 
.some  substance  such  as  pitcii  wjiich  binds  the  fine  partidis  of  carbon 
together.  AftiT  this  mi.xture  is  again  ground  it  is  rcatjy  for  moulding. 
The  j)owder  is  put  in  steel  moulds  and  heated  until  it  takes  the  form 
of  a  paste,  when  the  nece.s.sary  pressure  is  applied  to  the  moulds.  Kor 
the  forced  carbons,  the  powder  is  fornicd  into  cvliiidcrs  which  are 
phued  in  machines  which  force  the  material  through  a  ilie  .so  arranged 
as  to  give  the  desired  diameter.  The  forced  carbons  are  ofti'ii  made 
with  a  core  of  some  special  material,  this  core  being  added  after  the 
carbon  j)roper  has  been  finisiicd.  The  carbons,  whether  moulded 
or  forced,  must  be  carefully  baked  to  driv<'  off  all  volatile  matter, 
riic  forced  carbon  is  always  more  uniform  in  i|ualilv  and  »'nx«vs- 
.secti(»n,  and  is  the  type  of  carbon  whi<'h  must  be  used  in  the  carlK)n- 
fecd  lamp.  The  adding  of  a  core  of  a  dill'crent  material  seems  to 
change  the  rpiality  of  light,  :iiid  luing  more  reailily  volatilized,  k<"ep.s 
the  arc  from  wandering. 

IMaling  of  carltons  witli  ((ip|»er  is  sometimes  resorted  to  for 
moulded  forms  for  tin-  purpose  of  increasing  the  conductivity,  and, 
by  protecting  the  (arbon   near  tin'  an  ,  prolonging  the  life. 
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The  Flaming  Arc.  In  the  carbon  arc  the  arc  proper  gives  out 
but  a  small  percentage  of  the  total  amount  of  light  emitted.  In  order 
to  obtain  a  light  in  which  more  of  the  source  of  luminosity  is  in  the 
arc  itself,  experiments  have  been  made  with  the  use  of  electrodes  im- 
pregnated with  certain  salts,  as  well  as  with  electrodes  of  a  material 
different  than  carbon.  The  result  of  these  experiments  has  been  to 
place  upon  the  market  the  flaming  arc  lamps  and  the  luminous  arc 
lamps — lamps  of  high  candle-power,  good  efficiency,  and  giving  vari- 
ous colors  of  light.  These  lamps  may  be  put  in  two  classes :  One  class 
uses  carbon  electrodes,  these  electrodes  being  impregnated  with  certain 

salts  which  add  luminosity  to  the 
arc,  or  else  fitted  with  cores  which 
contain  the  required  material; 
the  other  class  covering  lamps 
which  do  not  employ  carbon,  the 
most  notable  example  being  the 
magnetite  arc  which  uses  a  copper 
segment  as  one  electrode  and  a 
magnetite  stick  as  the  other 
electrode. 

Flaming  arcs  of  the  first  class 
are  made  in  two  general  types: 
One  in  which  the  electrodes  are 
placed  at  an  angle,  and  the  other  in  which  the  carbons  are  placed 
one  above  the  other  as  in  the  ordinary  arc  lamp.  The  term  lumi- 
nous arc  is  usually  applied  to  arcs  of  the  flaming  t}'pe  in  which  the 
electrodes  are  placed  one  above  the  other.  The  minor  modifications 
as  introduced  by  the  various  manufacturers  are  numerous  and  include 
such  features  as  a  magazine  supply  of  electrodes  by  which  a  new  pair 
may  be  automatically  introduced  when  one  pair  is  consumed;  feed 
and  control  mechanisms;  etc.  The  flaming  arc  presents  a  special 
problem  since  the  vapors  given  off  by  the  lamp  may  condense  on  the 
glassware  and  form  a  partially  opaque  coating,  or  they  may  interfere 
with  the  control  mechanism. 

Bremer  Arc.  The  Bremer  flaming  arc  lamp  was  introduced 
commercially  in  1899,  and  since  some  of  its  principles  are  incorporated 
in  many  of  the  lamps  on  the  market  to-day,  it  will  be  briefly  described 
here.     The  diagram  shown  in  Fig.  39  illustrates  the  main  features  of 
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Fig.  39.     Diagram  of  Bremer  Flaming  .\rc. 
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this  laiii|».  Tlif  tlictrudts  an-  iiiunniitl  at  an  aiiglr  ami  an  ••li*ftn>- 
iiia^^iift  is  j)lairil  alM)Vi'  tin-  arc  for  tin-  piirjxisf  uf  kivjiin^  tin-  art-  from 
in-fpiii;;  up  and  iiijiiriii;;  tlic  rcoiiiniii/.fr,  and  also  for  tin-  [)ijr|>osf  of 
spn-adiii};  tin-  arc  out  and  iiK-n-asin;;  its  surfacr.  Tin-  va[>or  from 
tilt'  arc  is  condensed  on  the  economizer  and  this  coating  acts  as  a  re- 
flector, throwing,'  the  lij,'ht  ilownward.  The  economizer  serves  to 
limit  the  air  supj)lied  to  the  arc  and  thus  increases  the  life  of  the  elec- 
troiles.  The  inclined  |)osition  of  the  carhons  was  su;rj;ested  hv  the 
fact  that  in  the  imj)re<,'nate<l  carbons  a  slaj;  was  formi-d  which  i^aw 
troulile  when  the  electrodes  were  mounted  in  the  usual  manner.  By 
usinj;  the  electro<lcs  in 
this  position  there  is  little 
if  any  obstruction  to  the 
li;,'ht  which  passes  di- 
rectly downward  from 
the  arc. 

Bremer's  orij^inal 
electrodes  contai  ncd 
compounds  of  calcium, 
strontium,  magnesium, 
etc.,  as  well  as  horacic 
aciil.  KlectrtMles  as  em- 
|>loycd  in  the  various 
lamps  to-day  dilfer 
greatly  in  tin  ir  make-up. 
Som»'     use    imj)rej;nalcd 

carbons,  «)thers  use  carl)ons  with  a  core  containing  the  (laming  ma- 
terials, atid  metallic  wires  are  ad<led  in  some  ca.ses.  The  life  of 
electrodes  for  flaming  lamps  is  not  great,  (lej)ending  upon  their  length 
and  somewhat  upon  the  ty|>e  of  lamp.  The  maximum  life  of  the 
treated  carbons  is  in  the  neighborhood  of  20  hours. 

The  color  of  the  light  from  the  flaming  are  is  yellow  when  cal- 
cium salts  are  used  as  the  main  impregnating  compound,  and  the 
majority  of  the  lamps  installe<|  use  electrodes  giving  a  yellow  light. 
Hy  em|>loying  more  strontium,  a  red  or  pink  light  is  pnxluctHl,  while 
if  a  white  light  is  wantj-d.  barium  salts  are  iisnl.  Calcium  gives  the 
most  efli«  ienf  service  and  strontiutii  comes  U'tween  this  and  barium. 
The  distribtition  curves  in  Kig.    Id  illustrate  the  relutivi-  eetuiomiiTii 
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VIk.  40.     Distribution  Curves  of  a  Luminous  Arc. 
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of  the  different  materials.  Modern  electrodes  contain  not  more  than 
15%  of  added  material  and  it  is  customary  to  find  the  salts  applied 
as  a  core  to  the  pure  carbon  sticks.  The  electrodes  are  made  of  a 
small  diameter  in  order  to  maintain  a  steady  light  and  this  partially 
accounts  for  their  short  life. 

The  feeding  mechanisms  employed  differ  greatly.  They  may  be 
classified  as:  Clock,  gravity-feed,  clutch,  motor,  and  hot-wire  mech- 
anisms. Fig.  41  illustrates  a  clock  mechanism.  This  is  a  dif- 
ferential mechanism  in  which  the 
shunt  coils  act  to  release  a  detent  / 
which  allows  the  electrodes  to  feed 
down  and  when  they  come  in  con- 
tact the  series  coils  separate  them 
to  the  proper  extent  for  maintaining 
a  suitable  arc.  In  the  gravity  feed 
an  electromagnet  is  used  to  operate 
one  carbon  in  springing  the  arc  and 
the  other  carbon  is  fed  by  gravity, 
it  being  prevented  from  dropping 
too  far  by  means  of  a  special  rib 
formed  on  the  electrode  which  comes 
in  contact  with  a  part  of  the  lamp 
structure.  Gravity  feed  is  also  em- 
ployed in  the  clutch  mechanism  but 
here  the  carbons  are  held  in  one 
position  by  an  electrically  operated 
clutch  which  releases  them  only  when 
the  current  is  sufficiently  reduced  by 
the  lengthening  of  the  arc.  In  the 
hot-wire  lamp,  the  wire  is  usually  in  series  with  the  arc;  the  contrac- 
tion and  expansion  of  this  wire  is  balanced  against  a  spring  and  the 
arc  is  regulated  by  such  contraction  or  expansion  of  the  wire.  Such 
a  lamp  is  suitable  for  either  direct  or  alternating  current.  In  the 
motor  mechanism,  as  applied  to  alternating-current  lamps,  a  metallic 
disk  is  actuated  by  differential  magnets  and  its  motion  is  transmitted 
to  the  electrodes  to  lengthen  or  shorten  the  arc  accordingly  as  the 
force  exerted  by  the  series  or  shunt  coils  predominates. 

Magnetite  Arc.     The  magnetite  arc  employs  a  copper  disk  as 


Fig.  41. 


Clock  Feeding  Mechanism  for 
Luminous  Arc  Lamp. 
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niu-  rK'ctr(Ml»';  ami  a  ina^'iictiti'  stick — fornittl  by  fort-ing  maf^netitr, 
t«)  whicli  titaiiiiirn  salt.s  art-  usually  aililtil,  into  a  thin  .shwt  stti'l  tub**-  - 
is  usi-«l  as  tlu-  otlitT  t-lcctrcMlf.  Tliis  laiii|)  jjivt-s  a  luminous  ar<-  of 
ifoinl  ffficiencv  ainl  the  iiiagni'tite  elt'ctrode  is  not  consunuHl  a.s  ra|ji«Jly 
as  tlu'  trratfd  carbons  with  the  result  that  magnetite  !am{)S  il(i  not 
reciuire  trimming  as  fre([uently.  The  life  of  the  magnetite  electro<Je 
as  at  pre.sent  manufactured  is  from  170  to  2(H)  lujurs.  A  diagram  of 
the  coiuiections  of  llii>  lamp  as  manufactured  by  the  (jeneral  Electric 
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FIk   •!.'       DIaKrniii  "f  <Vinnectlon8  for  Mafnietlte  An-  T^nip 

Company  is  shown  in  l-'ig.  \'l.  The  magnetite  elec(ri>d«'  is  placed  be- 
low. The  cop|)er  eh-etrode  has  just  the  j)roper  dimensions  to  prevent 
its  being  destroyed  by  the  are  and  yet  it  is  not  large  enough  to  cause 
undue  condensation  of  the  are  vapor.  Dired  current  must  W  us»h1 
with  this  lamp,  the  current  passing  from  the  copper  to  the  magnetite. 
Table  \1  gives  soun-  general  data  on  the  llauung  arc,  while  Kigs. 
I.',  anil  n  give  typical  distribution  <ur\«vs.  Tlu-  a<lvantages  of  the 
flaming  arc  over  lamps  using  pure  carbon  cle«lriMlcs  are:  High  efn- 
ciency;  Uttir  light  distribution;  and  Utter  color  of  light  for  some 
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purposes.  A  greater  amount  of  light  can  be  obtained  from  a  single 
unit  than  is  practical  with  the  carbon  arc.  The  disadvantages  lie 
in  the  frequent  trimming  required  and  the  expense  of  electrodes. 
Flaming  arcs  have  been  introduced  abroad,  especially  in  Germany, 
to  a  much  greater  extent  than  in  the  United  States. 

TABLE  XI 
General  Data  on  Flaming  Arcs 


Volts 

Amperes 

Watts  ' 

Mean  Spherical 
Candle- Power 

Watts  per  Mean 
Spherical  c.  p. 

55 

6 

330 

480 

.68 

8 

440 

800 

.55 

10 

550 

1100 

5 

12 

660 

1300 

.5 

15 

825 

1700 

.49 

20 

1100 

2250 

.48 

POWER   DISTRIBUTION 

The  question  of  power  distribution  for  electric  lamps  and  other 
appliances  is  taken  up  fully  in  the  section  on  that  subject,  therefore 
it  will  be  treated  very  briefly  here.    The  systems  may  be  divided  into : 

1.  Series  distribution  systems. 

2.  Multiple-series  or  series-multiple  systems. 

3.  Multiple  or  parallel  systems. 

They  apply  to  both  alternating  and  direct  current. 

The  Series  System.  This  is  the  most  simple  of  the  three;  the 
lamps,  as  the  name  indicates,  are  connected  in  series  as  shown  in 
Fig.  45.  A  constant  load  is  necessary  if  a  constant  potential  is  to  be 
used.  If  the  load  is  variable,  a  constant-current  generator,  or  a 
special  regulating  device  is  necessary.  Such  devices  are  constant- 
current  transformers  and  constant-current  regulators  as  applied  to 
alternating-current  circuits. 

The  series  system  is  used  mostly  for  arc  and  incandescent  lamps 
when  applied  to  street  illumination.  Its  advantages  are  simplicity 
and  saving  of  copper.  Its  disadvantages  are  high  voltage,  fixed  by 
the  number  of  lamps  in  series;  the  size  of  the  machines  is  limited 
since  they  cannot  be  insulated  for  voltage  above  about  6,000;  a  single 
open  circuit  shuts  down  the  whole  system. 

Alternating-current  series  distribution  systems  are  being  used  to 
a  very  large  extent.     By  the  aid  of  special  transformers,  or  regulators, 
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atiy  miiiilMr  of  c-ircuits  can  \h'  run  from  one  mac-liiiu'  or  set  of  Ijus  bars, 
ami  apparatus  can  \h'  Imilt  for  any  voUafje  and  of  any  size.  It  is  not 
fustoniary,  liowever,  to  hiiild  tran^forniers  of  this  tvjx'  liavin|^'a  eapac- 


60'  7S'  90'  7^' 

Fig.  43.     Distribution  Curve  for  Flaniiiif;  Arc  Lamp. 


ity  greater  than  one  luindred  (i.Ct-ainpere  lamps  because  of  the  hij^h 
voltage  which  would  have  to  be  induced  in  the  secondary  for  a  lari;er 
number  of  lamps. 

L u minous  Arc    L arnp 


Direct  current    series  circ 
Uyht  .-         ■ 


to'    so'eo'  ro'sPso^o'ro'ea'  jV 
I"iK'    11       l»lHirll<iill.'n   «iir\.'  fi.r  11  1   Vm|«T<v 
7.'>-\ii1l,  .Mii»;iiftlt4-  l.uiiiliKMio   \r«°  l.ani|> 
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Fig.  4o  gives  a  dia- 
gram of  the  connection 
of  a  single-coil  tran.s- 
former  in  service.  The 
constimt-current  trans- 
former most  in  use  for 
ligliting  purpo.ses  is  the  iw' 
one  manufactured  by  the 
(letieral  Kl(<tric  ( "oin- 
panv  and  commonly 
known  as  a  tub  frtin.s- 
fiirmrr.  l-'ig.  Ki  shows  such  a  transformer  (ilouble-coil  type)  when 
removed  from  the  ca.se. 

Heferring  to  I''ig.  HI.  the  fixed  coils  .1  form  the  priman«'s  which 
are  comiectetl  acro.s.s  the  line;  tJie  movable  toils  li  arc  llje  setxindurics 
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SECONDARY 

-X-x— X— x-x— X- 

LAMPS 


connected  to  the  lamps.  There  is  a  repulsion  of  the  coils  B  by  the 
coils  A  when  the  current  flows  in  both  circuits  and  this  force  is  bal- 
anced by  means  of  the  weights  at  W,  so  that  the  coils  B  take  a  position 
such  that  the  normal  current  will  flow  in  the  secondary.  On  light 
loads,  a  low  voltage  is  sufficient,  hence  the  secondary  coils  are  close 

together  near  the  middle  of 
the  machine  and  there  is  a 
heavy  magnetic  leakage. 
When  all  of  the  lamps  are 
on,  the  coils  take  the  posi- 
tion shown  when  the  leak- 
age is  a  minimum  and  the 
voltage  a  maximum.  \Mien 
first  starting  up,  the  trans- 
former is  short-circuited  and 
the  secondary  coils  brought 
close  together.  The  short 
circuit  is  then  removed  and 
the  coils  take  a  position 
corresponding  to  the  load 
on  the  line. 

These  transformers  regu- 
late from  full  load  to  ^  rated 
load  within  ^V  ampere  of 
normal  current,  and  can  be 
run    on    short    circuit    for 


CURRENT 

TRANSFORMER 
OMIT  FOR 
25  LIGHTS 


OPEN  CIRCUITING 
PLUG  SWITCHES 


CONSTANT  CURRENT 
TRANSFORMER 


RESISTANCE 


FUSE 


POTENTIAL 
TRANSFORMER 


CFUSE 


T 


Fig.  4J 


Wiring  Diagram  for  Siiiffle-Coil 
Transformer. 


-  yPRiMARY  PLUG  SWITCH  several  hours  without  over- 

BACK  VIEW      I  heating.     The  efficiency  is 

given  as  96%  for  100-light 
transformers  and  94.6%  for 
50-light  transformers  at  full 
load.  The  power  factor  of  the  system  is  from  76  to  78%  on  full 
load,  and,  owing  to  the  great  amount  of  magnetic  leakage  at  less  than 
full  load — the  effect  of  leakage  being  the  same  as  the  effect  of  an  in- 
ductance in  the  primary — the  power  factor  is  greatly  reduced,  falling 
to  62%  at  f  load,  44%Vt  h  load,  and  24%  at  i  load. 

Standard  sizes  are  for  capacities  of  25-,  35-,  50-,  75-,  and  100-6.6 
ampere  enclosed  arcs,  and  they  are  also  made  for  lower  currents  in 
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the  neighborhood  of  3.3  amperes  for  incandescent  lamps.  The  low 
power  factor  of  such  a  system  on  light  loads  shows  that  a  transformer 
should  be  selected  of  such  a  capacity  that  it  will  be  fully  or  nearly 
fully  loaded  at  all  times.  The  primary  winding  can  be  constructed 
for  any  voltage  and  the  open  circuit  voltages  of  the  secondaries  are 
as  follows : 


25  light  transformer,  2,300  volts. 
35     "  "  3,200      " 

50     "  "  4,600      " 


75  light  transformer,  6,900  volts. 
100     "  "  9,200     " 


The  50-,  75-,  and  100-light  transformers  are  arranged  for  multiple 

circuit  operation,  two  circuits 
used  in  series,  and  the  vol- 
tages at  full  load  reach  4,100 
for  each  circuit  on  the  100-light 
machine. 

The  second  system,  used 
for  series  distribution  on 
alternating-current  circuits 
consists  of  a  constant-potential 
transformer,  stepping  down  the 
line  voltage  to  that  required 
for  the  total  number  of  lamps 
on  the  system,  allowing  83 
volts  for  each  lamp,  and  in 
series  with  the  lamps  is  a 
reactive  coil,  the  reactance  of 
which  is  automatically  regu- 
lated, as  the  load  is  increased 
or  decreased,  in  order  to  keep 
the   current   in   the  line   con- 


Fig.  47. 


Current  Regulator  for  A.  C.  Series 
Distribution   Systems. 

stant.  Fig.  47  shows  such  a  regulator  and  Fig.  48  shows  this  regu- 
lator connected  in  circuit.  The  inductance  is  varied  by  the  move- 
ment of  the  coil  so  as  to  include  more  or  less  iron  in  the  magnetic 
circuit.  Since  the  inductance  in  series  with  the  lamps  is  high  on  light 
loads,  the  power  factor  is  greatly  reduced  as  in  the  constant-current 
transformer;  and  the  circuits  should,  preferably,  be  run  fully  loaded. 
60  to  65  lamps  on  a  circuit  is  the  usual  maximum  limit. 

\Miile  used  primarily  for  arc-light  circuits,  the  same  systems. 
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(If.sigmd  fur  Imvir  cuiiciit.s,  art-  very  n-ailily  applied  to  series  iiieaii- 
(lesceiit  systems. 

The  iiitr(xliutiun  of  eerlain  llaniiiif^  or  luminous  arts  re<|uiring 
direet  eurreiit  for  their  operation  has  led  tu  the  use  of  the  mercury  arc 
nrtijU-r  in  eonneetion  with  series  eireuits  on  alternatin-^Hurrent 
systems.  A  constant-current  transformer  is  used  to  re^ilate  fi»r  the 
proper  constant  current  in  its  second- 
ary windintj,  and  this  secondary  current 
is  nctilied  hy  means  of  the  mercury  an- 
rectifier  for  the  lamp  circuit.  In  the 
recent  outfits  tiie  rectifier  tiiln-s  are 
innnersed  in  oil  for  cooling.  While 
this  rectifier  was  first  introduced  for 
the  operation  of  luminous  arc  lamps, 
there  is  no  reason  why  it  should  not 
be  used  with  anv  series  lamp  re(|uirin<'    kicking 
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direct  current,  provided  the  system  is 
designed  for  the  current  taken  hy  su(  h 
lamps.  \Vith  this  system  any  commer- 
cial frcfjuency  may  be  used.  Sets  are 
constructed  for  2.')-,  50-,  and  75-light 
circuits.  They  have  a  combified  efli- 
ciency,  transformer  and  rectifier  tul)e, 
of  S.")'~^,  to  0()'^[,  and  operate  at  a  power 
faitur  of  from  (l.To  to  10''[-  I*'^'-  -^'^ 
gives  a  iliagram  of  the  circuit  and 
rectifier  comiections  used  with  a  single-  kir.  4s.   wirinK  Diutmim  siuminK  in- 

.     I  ,<•,  tr>«lurtli>ii  of  theCumnit  Ui-jfulator. 

tilln-  oiittlt. 

Multiple-Series  or  Series-Multiple  Systems.  These  combine 
several  lamps  in  series,  and  these  series  groups  in  multiple,  or  several 
lamps  in  multiple  and  these  multi|)le  groups  in  series,  respectively. 
TIh-v  have  but  a  limited  ap|>lieation. 

Multiple  or  Parallel  Systems  of  nistrihuiion.  Hy  far  the  larg«'st 
number  of  lamps  in  service  are  connecti-d  to  parallel  systems  of  tiis- 
tributioii.  In  this  system,  the  iinil.s  are  connected  across  the  lines 
leading  to  the  bus  bars  at  the  station,  or  t«)  the  s«'condaries  of  ctin- 
stant-poteiitial  transformers.  Kig.  .'>()  shows  a  diagram  of  ten  lamps 
connectt-d   in  parallel.     The  current  delivenil   by  tlu"  muehine  de- 
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pends  directly  on  the  number  of  lamps  connected  in  service,  the  vol- 
tage of  the  system  being  kept  constant. 

Inasmuch  as  the  flow  of  current  in  a  conductor 
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case 
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is  always  accom- 
panied by  a  fall 
of  potential  equal 
to  the  product  of 
the  current  flow- 
ing into  the  resist- 
ance of  the  con- 
ductor, the  lamps 
at  the  end  of  the 
system  shown 
will  not  have  as 
high  a  voltage 
impressed  upon 
them  as  those 
nearer  the  ma- 
chine.  This 
drop  in  potential 
is  the  most  seri- 
ous obstacle  that 
we  have  to  over- 
come in  multiple 
systems,  and 
regulation.     The 


Fig.  49.      AViring  Diagram  for  A.  C,  Sy.steni   Showing  lutnxiiu-- 
tion  of  Mercury  Arc  Rectifier. 

various  schemes  have  been  adopted  to  aid  in  this 
systems  may  be  classified  as: 

1.  Cylindrical  conductors,  parallel  feeding. 

2.  Conical  "  "  " 

.'3.     Cylindrical  "  anti-parallel  feeding. 

4.     Conical  "  ''  " 

In  the  cylindrical  conductor,  parallel-feeding  system,  the  con- 
ductors, A,  B,  C,  D,  Fig.  50,  are  of  the  same  size  throughout  and  are 
fed  at  the  same  end  by  the  generator.  The  voltage  is  a  minimum 
at  the  lamps  E  and  a  maximum  at  the  lamps  F;  the  value  of  the 
voltage  at  any  lamp  being  readily  calculated. 

By  a  conical  or  tapering  conductor  is  meant  a  conductor  whose 
diameter  is  so  proportioned  throughout  its  length  that  the  current, 
divided  by  the  cross-section,  or  the  current  density,  is  a  constant 
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ViK.  .'<().     Taralli'l  Kcwllng  Sy«tfiii. 


Flii.  51.      Aiiti-p;ir:.ll<'l  K»"«>illntr  Syst<>ni. 


iiiiaiititv.     Sucli  a  ctJiHliictnr  is  approxiiuatiMl  in  jjractiix*  by  using 
Miiallcr  sizt's  of  wirr  as  tin-  ciirrt'iit  in  llu-  lines  U-i-dini's  U-ss. 

In  an  aiiti-paralU-l  systi-rn,  llu-  ( iirrtMit  is  fe«l  lo  tlit*  lamps  from 
oppositr  cinls  of  tin-  systrm,  us  shown  in  Kij;.  ')!. 

Multiple- \\  ire  Systems.  In  orch-r  to  takr  advantap*  of  a  lii{:luT 
vt»lta"r  for  tlistril)ntion  of  j)o\vcr  to  tlic  iij^litinjj  cinuiLs,  thrtf-  ami 
fivf-wirt'  svsti'ins  liavo  Ihtii  intrcMhufd.  the  threi'-wirt'  system  Ix-ing 
tistii  to  a  very  larf;e  extent.  In  tins  .system,  tiiree  eoiiduetors  are 
iis<(l,  the  vol tajje  from  eaeii        ^  a 

ontside  e«)ndu(tor  to  the 
middle  neutral  eonductor 
heinjij  the  .same  as  for  a 
simple  parallel  system.  Ki<;. 
7t2  ijives  a  dia;,'ram  of  this. 
Hv  this  .system  the  amount 
of  eopper  retpiired  for  a  pv- 
en  numher  of  lamps  is  from 
f  i  ve-si.\teentlis  to  three- 
eighths  of  the  aimiiiiit 
re(|iiired  f(jr  a  two-wire  dis- 
tribution, depending'  on  the 
size  of  the  lieu  tral  coii- 
duetor.     The    saving  of 

eopp«-r  together  v  itli    tlie  «lisadvaiitages  of  tlie  syslein   is   more  fully 
treated  in  the  j)aj)er  on  "Power  Transmission." 

ILLUMINATION 

llluniination  may  In-  liefiiied  as  th<'  .|ualily  and  (|uanlily  of  light 
\\hi<h  aids  in  the  discrimination  «)f  outline  and  the  pennption  «)f 
color.  .Not  only  the  (|nanlity,  but  tin-  (piality  of  tin-  light,  as  well  as 
the  arrangement  of  the  unils,  .niist  be  coiisidereil  in  a  complete  study 
of   the   subje<l    i>f   illmiiiiialion. 

Init  of  Illumination.  Tin-  unit  of  illumination  is  the  jtHtt- 
rniitllr  and  its  value  is  the  aiiiount  of  light  falling  on  a  .surfacv  at  a 
distance  (.f  one  foot  from  a  sounc  of  light  one  candle-p«»wer  in  value, 
'i'he  law  of  inverse  s»piares-  namely,  that  lh<-  illumination  fnun  a 
given  source  varies  inversely  as  the  sriuare  of  the  distance  fn»m  the 
son ree— .shows  that  the  ilhiiuiiialiuii  at  a  distance  of  two  f«-et  fr^mi  a 
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single    candle-power    unit    is   .25    foot-candles.      For    further    con- 
sideration of  the  law  of  inverse  squares,  see  "Photometry." 

Illumination  may  be  classified  as  useful — when  used  for  the 
ordinary  purposes  of  furnishing  light  for  carrying  on  work,  taking 
the  place  of  daylight;  and  scenic — when  used  for  decorative  lighting 
such  as  stage  lighting,  etc.  The  two  divisions  are  not,  as  a  rule, 
distinct,  but  the  one  is  combined  with  the  other. 

Intrinsic  Brightness.  By  intrinsic  brightness  is  meant  the 
amount  of  light  emitted  per  unit  surface  of  the  light  source.  Table 
XII  gives  the  intrinsic  brightness  of  several  light  sources. 

TABLE  XII 
Intrinsic  Brilliancies  in  Candle-Power  per  Square  Inch 


Source 

Brilliancy 

Notes 

Sun  in  zenith 

600,000  ) 

Sun  at  30  degrees  el  v. 

500,000  [ 

Rough  equivalent  values,   tak- 

Sun on  horizon 

2,000  ) 
10,000) 

ing  account  of  absorption 

Arc  light 

to 

Maximum     about     200,000     in 

100,000  ) 

crater 

Calcium  light 

5,000 

Nernst  "glower" 

1,000 

Unshaded 

Incandescent  lamp 

200-300 

Depending  on  efficiency 

Enclosed  arc 

75-100 

Opalescent  inner  globe 

Acetylene  flame 

75-100 

Welsbach  light 

20  to  25 

Kerosene  light 

4  to    8 

Variable 

Candle 

3  to    4 

Gas  flame 

3  to    8 

Variable 

Incandescent  (frosted) 

2  to    5 

Opal  shaded  lamps,  etc. 

0.5  to    2 

Regular  Reflection.  Regular  reflection  is  the  term  applied  to 
reflection  of  light  when  the  reflected  rays  are  parallel.  It  is  of  such 
a  nature  that  the  image  of  the  light  source  is  seen  in  the  reflection. 
The  reflection  from  a  plane  mirror  is  an  example  of  this.  It  is  useful 
in  lighting  in  that  the  direction  of  light  may  be  changed  without  com- 
plicating calculations  aside  from  deductions  necessary  to  compensate 
for  the  small  amount  of  light  absorbed. 

Irregular  Reflection.  Irregular  reflection,  or  diffusion,  consists 
of  reflection  in  which  the  reflected  rays  of  light  are  not  parallel  but 
take  various  directions,  thus  destroying  the  image  of  the  light  source. 
Rough,  unpolished  surfaces  give  such  reflection.  Smooth,  unpolished 
surfaces  generally  give  a  combination  of  two  kinds  of  reflection. 


148 


ELECTRIC  LKJIITING 


55 


I)itTus((l  ri-Hi'ctioii  is  vi-ry  iiiiportaiit  in  llu-  .>tu<lv  of  illiiiiiiiuition 
inasmui-ii  us  ilifriiscd  li^'ht  plavs  an  important  part  in  tin-  lighting  of 
inti'riors.  This  form  of  rffU-ction  is  seen  in  many  pliotonu-ter  scrtfiis. 
Lij^lit  is  also  ditTusi'd  when  passing'  tliroiif,'h  semi-tnmsparent  shades 
or  screens. 

In  considerinj;  riflect«'d  li^'ht,  we  find  that,  if  the  surface  on 
which  the  h<jht  falls  is  colored,  the  reHected  lij;ht  may  l>e  changcti  in 
its  nature  hy  the  al»sorj)li()ii  of  some  of  the  colors.  Since,  as  ha.s  tx'cn 
said,  in  interior  lightini;  the  reflected  li;,'ht  forms  a  large  part  of  the 
source  of  illumination,  this  illumination  will  depend  upon  the  nature 
and  the  color  of  the  retlectinfj  surfaces. 

Whenever  light  is  reflected  from  a  surface,  either  by  direct  or 
diffused  reflectit)n,  a  certain  amount  of  light  is  ahsorUed  l>y  the  surface. 
Talile  XIII  gives  tlie  amount  of  white  light  nllcc  ted  from  <liircrent 
materials. 

TABLE  XIII 
Relative  Reflectlnt;  F*ower 


Material 


Whilo  hlottirif;  paper.. 
White  cartridge  paper. 
Chrome  yellow  pajxT  . . 

( >raiipo  paiHT 

Vellow  wall  pai>er 

Light  pink  pajnT 

Yellow  eanlltoanl 

Light  hliK-  canllxianl . . 
Dnieralil  greed  pa[K-r.  . 
Dark  hrown  i)a|xr  . . 

N'erniilion  pafx^r 

HlvK-green  pajx-r . . 

Mlack  |)a|>er 

Hlaek  eloth 

iJlack  velvet 


82 
SO 
02 
50 
40 
AG 
30 
25 
18 
\:i 
12 
12 


1    2 
4 


Krom  this  taltle  it  is  seen  that  the  liglil-cojonil  jiapers  reflect  the 
light  well,  hut  of  the  darker  colors  only  y«'llow  has  a  companitivelv 
high  c<H-nicient  of  reflection.  Black  velvet  has  the  lowest  value,  l)ut 
this  oiilv  imld-'  ulicii  llir  niadrial  is  free  from  du>t.  Iuhums  with 
dark  walls  re(niire  a  greater  aiiioiiiil  nf  ilhiiiiinatiiig  power,  as  will  U- 
seen  later. 

I'sefiil  ilhiniiiiatioti  may  !)«■  considered  under  the  following 
heads: 
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1.  Residence  Lighting. 

2.  Lighting  of  Public  Halls,  Offices,  Drafting  Rooms,  Shops,  etc. 

3.  Street  Lighting. 

RESIDENCE  LIGHTING 

Type  of  Lamps.  The  lamps  used  for  this  class  of  lighting  are 
limited  to  the  less  powerful  units — namely,  incandescent  or  Nernst 
lamps  varying  in  candle-power  from  8  to  50  per  unit.  These  should 
always  be  shaded  so  as  to  keep  the  intrinsic  brightness  low.  The 
intrinsic  brilliancy  should  seldom  exceed  2  to  3  candle-power  per 
square  inch,  and  its  reduction  is  usually  accomplished  by  appropriate 
shading.  Arc  lights  are  so  powerful  as  to  be  uneconomical  for 
small  rooms,  while  the  color  of  the  mercury-vapor  light  is  an  additional 
objection  to  its  use. 

Plan  of  Illumination.  Lamps  may  be  selected  and  .so  located 
as  to  give  a  brilliant  and  fairly  uniform  illumination  in  a  room ;  but  this 
is  an  uneconomical  scheme,  and  the  one  more  commonly  employed 
is  to  furnish  a  uniform,  though  comparatively  weak,  ground  illumi- 
nation, and  to  reinforce  this  at  points  where  it  is  necessary  or  desirable. 
The  latter  plan  is  satisfactory  in  almost  all  cases  and  the  more  eco- 
nomical of  the  two. 

While  the  use  of  units  of  different  power  is  to  be  recommended, 
where  desirable,  lights  differing  in  color  should  not  be  used  for  lighting 
the  same  room.  As  an  exaggerated  case,  the  use  of  arc  with  incan- 
descent lamps  might  be  mentioned.  The  arcs  being  so  much  whiter 
than  the  incandescent  lamps,  the  latter  appear  distinctly  yellow  when 
the  two  are  viewed  at  the  same  time. 

Calculation  of  Illumination.  In  determining  the  value  of  illumi- 
nation, not  only  the  candle-power  of  the  units,  but  the  amount  of  re- 
flected light  must  be  considered  for  the  given  location  of  the  lamps. 
Following  is  a  formula  based  on  the  coefficient  of  reflection  of  the 
walls  of  the  room,  which  serves  for  preliminary  calculations: 


cP 

1  =  Illumination  in  foot-candles. 
c.p.  =  Candle-power  of  the  unit. 
k  =  Coefficient  of  reflection  of  the  walls. 
d  =  distance  from  the  unit  in  feet. 
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\Vli«'re  .st'ViTiil  units  nf  tin-  saiiif  <-aiui!c-|M>wcr  an-  iixnj  this 
fiirmula   Ihtoiiii's: 

111  1 

or,  CD.    = — 

^  1  I  1  1 

^  (P     ■*"    ^/^.    "^    (P\   "^  ^  1  -  it 

wliiTf  (I,  (l^,  d,,  etc.,  f(jual  the-  distances  from  tlje  point  considereil  to 
iIk-  various  light  sources.  If  the  lanij)s  are  of  (lilfereiit  candle-jxiwcr, 
tlie  ilhiniinatioii  may  be  determined  by  combinin;^  the  ilhimination 
from  eacli  source  as  calculated  separately.  An  example  of  calculation 
is  given   under  ".Vrrangement  of  Lamps." 

The  above  method  is  not  strictly  accurate  because  it  does  not 
take  account  of  the  angle  at  which  the  light  from  each  one  of  the 
sources  strikes  the  assumed   plane  of    illuniinatioii.      If    the  ray  of 

light  is  per|)cii(li(iilar  to  tlic  plane,  the  formula  I  =  (^^ gives  cor- 
rect values.  If  (/  is  the  angle  wliicli  the  ray  of  light  mak<>  with  a  line 
drawn   from    tin-  liglit  source   ]><  rpcndicular  to   the  assunu-d   plane, 

then    the    forn.ula    l.e,ou)es   I    =     '■^'-    ^^^J^^^^^".    Therefore,    by 

a- 

multiplying  the  candle-j)ow(r  value  of  each  light  source  in  the  direc- 
tion of  the  illuminated  point  by  the  cosine  of  each  angle  a,  a  more 
accurate  result  will  be  obtained. 

It  is  readily  seen  that  the  ellVct  of  reflected  liglit  from  the  ceilings 
is  of  more  importance  than  that  from  the  floor  of  a  room.  The  value 
of  k,  in  the  above  fornmla,  will  'ary  from  (yO^[  to  It)'','  ,  but  for  r»H)ms 
with  a  fairly  light  finish  .'jO*^,    may  be  taken  as  a  gocni  average  value. 

The  amount  of  illumination  will  de|M-nd  on  the  use  to  Im>  made  of 
the  room.  One  foot-candle  gives  sullieient  illumination  for  easy 
reading,  when  measured  normal  to  the  |)age,  and  proliably  an  illumi- 
nation of  ..'»  foot-candle  on  a  plane  .'{  feel  from  the  fltwir  f<irms  a  sulli- 
eient ground  illumination.  The  illumination  from  sunlight  rt'llectiHJ 
from  white  <lou<ls  is  from  20  f*H)t-<anilles  up.  « liile  that  «lue  to  nuM)n- 
lighl  i^  in  the  iteighborlxHMl  of  .().'{  fool-eandles.  It  is  not  ixtssible  to 
priwluee  artificially  a  light  ei|uivalent  to  daylight  on  account  of  the 
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great  amount  of  energy  that  would  be  required  and  the  difficulty  of 
obtaining  proper  diffusion. 

The  method  of  calculating  the  illumination  of  a  room  that  has 
just  been  described  is  known  as  the  point-hy-point  method  and  it 
gives  very  accurate  results  if  account  is  taken  of  the  angle  at  which 
the  light  from  each  source  strikes  the  plane  of  illumination  and  if 
the  light  distribution  curves  of  the  units,  and  the  value  of  k,  have  been 
carefully  determined.  LTnder  these  conditions  the  calculations  be- 
come extended  and  complicated  and  methods  only  approximate,  but 
simpler  in  their  application,  are  being  introduced.  One  method, 
which  gives  good  results  when  applied  to  fairly  large  interiors,  makes 
the  flux  of  light  from  the  light  sources  the  basis  of  calculation  of  the 
average  illumination. 

Flux  of  light  is  measured  in  lumens  and  a  lumen  may  be  defined 
as  the  amount  of  light  which  must  fall  on  one  square  foot  of  surface 
in  order  to  produce  a  uniform  illumination  of  an  intensity  of  one  foot- 
candle.  A  source  of  light  giving  one  candle-power  in  every  direction 
and  placed  at  the  center  of  a  sphere  of  one  foot  radius  would  give  an 
illumination  of  one  foot-candle  at  every  point  in  the  surface  of  the 
sphere  and  the  total  flux  of  light  would  be  iir,  or  12.57,  lumens  since 
the  area  of  the  sphere  would  be  47r,  or  12.57,  sq.  ft.  A  lamp  giving 
one  mean  spherical  candle-power  gives  a  flux  of  12.57  lumens  and 
the  total  flux  of  light  from  any  source  is  obtained  by  multiplying  its 
mean  spherical  candle-power  by  12.57.  In  calculating  illumination 
it  is  customary  to  determine  the  illumination  on  a  plane  about  30 
inches  from  the  floor  for  desk  work,  and  about  42  inches  from  the 
floor  for  the  display  of  goods  on  counters.  If  we  determine  the  total 
number  of  lumens  falling  on  this  plane  and  divide  this  number  by 
the  area  of  the  plane,  we  obtain  the  average  illumination  in  foot- 
candles.  This  of  course  tells  us  nothing  about  the  maximum  or 
minimum  value  of  the  illumination  and  such  values  must  be  obtained 
by  other  methods  if  they  are  desired.  Reflected  light,  other  than  that 
covered  by  the  distribution  curve  of  the  light  unit  including  its  re- 
flector, is  usually  neglected  in  this  method  of  calculation. 

We  may  assume  that  in  large  rooms  the  light  coming  from  the 
lamp  within  an  angle  of  75  degrees  from  the  vertical  reaches  the  plane 
of  illumination.  In  smaller  rooms  this  angle  should  be  reduced  to 
about  60  degrees.     In  order  to  determine  the  flux  of  light  within  this 
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ari|.'k'  a  liuiissi-aii  iliaj;raiii,  w  liit-li  is  desc-ribed  later,  should  Ix*  drawn. 
\i\  the  means  of  this  <Ha<;raiii  the  averajje  eandle-j)o\ver  of  the  light 
st)uree  within  ti»e  anj^h'  assuniecl  may  lje  readily  determined  and  this 
mean  value,  miiltij>lie(l  l>y  12.57,  will  j^ive  the  flux  of  light  in  lumcas. 
This  metluxl  of  ealeiilation,  together  with  some  guides  for  its  rapid 
application,  is  described  by  Messrs.  ("ravath  and  I^iasingh  in  the 
"Traiisactioixs  of  the  Illuminating  Engineering  Society,  HKJS."  The 
same  authorities  give  the  following  useful  data: 

To  determine  the  watts  recjuired  per  .s(juare  foot  of  floor  area, 
nuiltiply  the  intensity  of  illumination  desired  by  the  constants  given 
as  follows: 

INTENSITY  CONSTANTS  FOR  INCANDESCENT  LAMPS 

Tungsten  lamps  rated  at  1.25  watts  per  horizontal  candle-jwwer;  clear 
prismatic  reflectors,  cither  bowl  or  concentrating;  large  room;  light 
ceiling;  dark  walls;  lamps  pendant ;  height  from  8  to  15  feet  .25 

Same  with  very  light  walls 20 

Tungsten  lamps  rated  at  1.25  watts  {^er  horizontal  candle-power;  pris- 
matic   bowl   reflectors   enameled;  large   room;  light  ceiling;  dark 

walls;  lamps   pendant,    height   from   8   to    15   feet 29 

Same  with  ver>'  light  walls 23 

Gem  lamps  rated  at  2.5  watts  per  horizontal  candle-power;  clear  prw- 
matic  reflectors  either  concentrating  or  bowl;  large  room;  light 
ceiling;  dark  walls;  lamps  pendant;  height  from  S  to  15  feet. ...  55 

Same  with  very  light  walls 45 

Carbon  fdament  lamj)s  rated  at  3.1  watts  per  horizontal  candle-power; 
clear  prismatic  reflectors  either  bowl  or  concentrating;  light  ceiling; 
dark  walls;  large  room;  lamps  pendant ;  height  from  8  to  15  feet . .        .65 

Same  with  verj'  light  walls 55 

Bare  carbon  filament  lamps  rated  at  3.1  watts  jx'r  horizontal  candle- 
f)Owcr;  no    reflectors;  large    room;  very    light   ceiling   and    walls; 

height  from  10  to  14  feet 75  to  1.5 

Same;  small  room;  medium  walls . .      1.25  to  2.0 

Carbon  Tdament  lam|>s  rated  at  3.1  walti<  \k'T  horizontal  candle-jKiwer; 
opal  dome  or  opal  cone  n-flcetors;  light  ceiling;  dark  walls;  large 
room;  lamps  [tendant;  height  front  s  to  !.'>  fret  70 

Sanio  with  light  walls GO 

INTENSITY  CONSTANTS  lOR  ARC  LA.MPS 

.>-aiii|>ere,  enclo.s4-d,  dirett-curn-ut  arc  on  111)  volt  circuit;  clear  inner, 
opal  outer  globe;  no  refli-ctor;  largi*  room,  light  ceiling;  medium 
wall^;  h.-i;;ht  from  U  to  II  feet    50 

■Arrangement  of  I^mps.  .\ii  arrangi-ment  of  lamps  giving  ii 
uniform  illumination  cannot  l>c  well  appliid  lo  n*si«lenifs  on  ac»t)unt 
i)f  fill-  iiiinilHT  of  units  rc<|uir<d,  and  the  inartistic  clTcct.     Wc  arv 


i&:} 


60 


EI.ECTRIC  LIGHTING 


limited  to  chandeliers,  side  lights,  or  ceiling  lights,  in  the  majority 
of  cases,  with  table  or  reading  lamps  for  special  illumination. 

^Vhen  ceiling  lamps  are  used  and  the  ceilings  are  high,  some 
form  of  reflector  or  reflector  lamp  is  to  be  recommended.     In  any 
case  where  the  coefficient  of  reflection  of  the 
[  ceilings  is  less  than  40%,  it  is  more  economical 
to  use  reflectors.     When  lamps   are   mounted 
on    chandeliers,  the  illumination  is    far    from 
uniform,  being  a  maximum  in  the  neighbor- 
hood of  the  chandelier  and  a  minimum  at  the 
corners  of  the  room.     By  combining   chande- 
liers with  side  lights  it  is  generally  possible  to 
^  get  a  satisfactory  arrangement  of  lighting  for 
']  small   or   medium-sized  rooms. 

As  a  check  on  the  candle-power  in  lamps 

I  " "■ '^'  required,  we  have  the  following : 

'  T  For  brilliant    illumination    allow    one    candle- 

Fig.  53.   Diagram  Showing   Po^^r  per  two  square  feet  of  floor  space.     In  some 
Method  of  Calculatmg      particular  cases,   such  as  ball  rooms,   this  may  be 
Room  Illumination.        increased  to  one  candle-power  per  square  foot. 

For  general  illumination  allow  one  candle-power 
for  four  square  feet  of  floor  space,  and  strengthen  this  illumination  with  the 
aid  of  special  lamps  as  required.  The  location  of  lamps  and  the  height  of 
ceilings  will  modify  these  figures  to  some  extent. 

As  an  example  of  the  calculation  of  the  illu- 
mination of  a  room  with  different  arrangements 
of  the  units  of  light,  assume  a  room  16  feet 
square,  12  feet  high,  and  with  walls  having  a  '55 
coefficient  of  reflection  of  50%.  Consider  first 
the  illumination  on  a  plane  3  feet  above  the 
floor  when  lighted  by  a  single  group  of  lights 
mounted  at  the  center  of  the  room  3  feet  below 
the  ceiling.  If  a  minimum  value  of  .5  foot- 
candle  is  required  at  the  corner  of  the  room, 
we  have  the  equation  (first  method  outlined): 

1  1 

.5  =  c.  p 


12.8^ 


-X 


1  -  .5 


Since  d 
Fig.  53) 


l/8'  +  8^  +  6^ 


190  (apa    Fig.  54     Diagram  for  Four 
*^'      ^  8-c.  p.  Lamps  on 

Side  Wall. 
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Solving  tin-  altDVt-  for  tin-  valiu-  nf  c  p.,  wv  have 
.5 


'     X     • 


=  .',  X  H2  =  41 


1(54  .5 

Tlircf  Iti-tamlU'-powrr  laiii|)s  wdtiltl  st-rvc  this  jjur|K)'>f  vi-rv 
\v»-ll. 

Dittrinirung  the  illumiiiatujii  dirfctly  umhr  the  lainp,  we  huv«': 

1  1  4.S 

0'  1  -  ..)  .50 

2.7  f(K>t-<an(lle.s,  or  five  times  the  vahie  of  the  ilhiinination  at  the 
eorrwrs  oi  the  room. 

Next  consider  four  S-caiulle-power  himps  located  011  the  side 
walls  S  feet  above  the  floor,  as  .shown  in  Fig.  54.  raleulatirig  the 
illumination  at  the  center  of  the  room  on  a  jjlane  three  feet  above 
the    tioor.    we    have: 

1.1.1.1.         1 


^        ^^  89  "^   89  '^   89   "^   S9    '    1  -.0 
rfJ  =  8-  +  5-  =  04    +    25    =  89 
4 
I  =  8  X  X  2  =  .72  foot-<andles 

Tlie  illumination  a(  the  corner  of  the  room  would  be* 

^  89         89        345       :M5  ^     1  -  .5 
o  o 

=  8(-^  +  — "—  )X2   =    .45  foot-<an<lles. 
^  89       345  ' 

In  a  similar  manner  the  illumination  may  be  calculate<l  for  any 
|)oint  ill  the  room,  or  a  .series  of  points  may  Ik-  taken  and  curves  plotteil 
showinjj  the  distribution  of  the  li^'ht.  as  well  a.s  the  areas  havinjj  the 
same  illumination.  When-  refiiu-d  calculations  are  desire*!,  the  dis- 
tribution curve  of  the  lamp  must  be  used  for  d»'termiiiing  the  candle- 
|)ower  in  dilfcrent  direc  lioas.  Fig.  55  shows  illumination  curves  for 
the  Meridian  lamp  as  manufactured  by  the  tleiu-nd  Klectric  Coin- 
paiiv.  Thi-i  is  a  form  of  rcdcclor  laiiij)  made  in  two  sizes.  25  or  .'•<> 
candh-power.  Fig.  5<>  gives  the  di>tril>ution  nirves  for  the  5<>- 
eaiidli'-power  unit.  ."Similar  iiu  ainlesceiil  hmips  are  now  JH'ing 
maiiufa<'tured  by  oilier  eonipaiiies. 
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Table  XIV  gives  desirable  data  in  connection  with  the  use  of 
the  Meridian  lamp. 


Fig.  55.     Ilhmiiuation  Curves  for  a  G.  E.  Meridian  Lamp. 

TABLE  XIV 
Illuminating  Data  for  Meridian  Lamps 


Light 
Intensity 
in  Foot- 
candles 

No.  1  Lamp  (60  Watts) 

No.2  Lamp(130  Watts) 

Watts 
per  Sq.  Ft. 
of  Area 
Lighted 
with 
either 
Lamp 

Class  Service 

Height  of 
Lamp  and 
Diameter 
of  Uni- 
formly 
Lighted 
Area 

Distance 
between 
Lamps 
when  Two 
or  more 
are  Used 

Height  of 
Lamp  and 
Diameter 
of  Uni- 
formly 
Lighted 
Area 

Distance 
between 
Lamps 
when  Two 
or  more 
are  Used 

Desk  or  Reading 
Table 

3 
2 

li 

2.9  feet 
3.5     " 
4 

4.9  feet 

6 

7 

4      feet 
5 
5.75  " 

7      feet 
8.5    " 
9.8    " 

2.50 
1.66 
1.25 

General  Lighting 

1 
a 

4 

5  _     " 
5.75   " 

7 

8.5    " 
9,8   " 
12 

7 

8.2    " 
10 

12 

13.9    " 
11 

0.83 
0.62 
0.41 

By  means  of  the  Weber,  or  some  other  form  of  portable  photom- 
eter ,  carves  as  plotted  from  calculations  may  be  readily  checked 
after  the  lamps  are  installed.  AVhen  lamps  are  to  be  permanently 
located,  the  question  of  illumination  becomes  an  important  one,  and 
it  may  be  desirable  to  determine,  by  calculation,  the  illumination 
curves  for  each  room  before  installing  the  lamps.  This  applies  to 
the  lighting  of  large  interiors  more  particularly  than  to  residehwf 
lighting.     The   point-by-point   method   of   calculation    is   used   for 
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03 


vt-ry  acciiratt-  work  wlicn  tin-  svstiMii  of  illiiinimitioii  ailiiiits  of  this 
iiu'thtHl.  OtluT  methixls  art*  tjfti'ii  ~.im|>lir  aiul  sufik-iiMitly  af<-urate 
for  practical  work. 


e* 


3cr 


FiK-  50-     Distriliiitloii  Curve  for  ii  G.  V..  .lO-c.  p.  Mfridiaii  I^iiip. 

1  )r.  Loiiis  Bell  fjivcs  tlic  following  in  coiiiu'ction  with  rcsitlence 

li'^htinf': 

TAUm  \v 

Residence  LiKhtin^  Data 


Roou 

8 
c.  p. 

16 
o.  p. 

32 
c.  p. 

Sq.  FT. 
Ptii  C.P. 

Itl  M  tllMt 

Hall,  15'  X  20' 

I.ibrurv.  20'  X  20' 

S 
12 

1 

4  7 
:{  1 

S-c.j).  nllrrtiir 

l:nii|>s 

lt.(i-|.{ioii  room,  l.V   X   1.)' . . 

Miivir-  riiorii,  20'   X  2'>' 

Uiiiint;  room,  1.')'    X  20'... 
Uilii.inl  rtjoiii,  KV   X  20'..  . , 

4 

12 
14 

2 
4 

7  0 
HO 
2  7 
2  :« 

S  n-(lort<»r  lanii 
;{2-c,p  with  rttl 

Kt 

vclon 

I'nrch    

14 
4 
.1 
Ii 

1 

7  0 
I   7 
'.•  4 
5  0 

H.ilr(K)m«  (6).  15'  X  15' 

1>        M,  10'xl5'. 

.',  10'  X15' 
l;                              ■:  10'.... 

Kii.  ii.  ii,  l.t'   /■.  \W  1 
l':ii,trv.    10'    X    I J'    \ 
ll.l!    ■» 

(  .  11  u    s 
(I..-         1 

to 

4 

3 

:i 

Krdtrt.ir  l:im|.H 

I-.'   il 

01 

:u) 

s 
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LIGHTING  OF  PUBLIC  HALLS,  OFFICES,  ETC. 

Lighting  of  public  halls  and  other  large  interiors  differs  from  the 
illumination  of  residences  in  that  there  is  usually  less  reflected  light, 
and,  again,  the  distance  of  the  light  sources  from  the  plane  of  illumi- 
nation is  generally  greater  if  an  artistic  arrangement  of  the  lights  is 
to  be  brought  about.  This  in  turn  reduces  the  direct  illumination. 
The  primary  object  is,  however,  as  in  residence  lighting,  to  produce 
a  fairly  uniform  ground  illumination  and  to  superimpose  a  stronger 
illumination  where  necessary.  An  illumination  of  .5  foot-candle  for 
the  ground  illumination  may  be  taken  as  a  minimum. 

In  the  lighting  of  large  rooms  it  is  permissible  to  use  larger  light 
units,  such  as  arc  lamps  and  high  candle-power  Nernst  or  incan- 
descent units,  while  for  factory  lighting  and  drafting  rooms,  where 
the  color  of  the  light  is  not  so  essential,  the  Cooper-Hewitt  lamp  is 
being  introduced.  High  candle-power  reflector  lamps,  such  as  the 
tungsten  lamp,  are  being  used  to  a  large  extent  for  offices  and  drafting 
rooms. 

The  choice  of  the  type  of  lamp  depends  on  the  nature  of  the 
work.  Where  the  light  must  be  steady,  incandescent  or  Nernst 
lamps  are  to  be  preferred  to  the  arc  or  vapor  lamps,  though  the  latter 
are  often  the  more  efficient.  ^Mien  arcs  are  used,  they  must  be  care- 
fully shaded  so  as  to  diffuse  the  light,  doing  away  with  the  strong 
shadows  due  to  portions  of  the  lamp  mechanism,  and  to  reduce  the 
intrinsic  brightness.  Such  shading  will  be  taken  up  under  the  head- 
ing "Shades  and  Reflectors."  Arcs  are  sometimes  preferable  to 
incandescent  lamps  when  colored  objects  are  to  be  illuminated,  as  in 
stores  and  display  windows. 

In  locating  lamps  for  this  class  of  lighting,  much  depends  on  the 
nature  of  the  building  and  on  the  degree  of  economy  to  be  observed. 
For  preliminary  determination  of  the  location  of  groups,  or  die  illumi- 
nation when  certain  arrangement  of  the  units  is  assumed,  the  prin- 
ciples outlined  under  "Residence  Lighting"  may  be  applied.  It  has 
been  found  that  actual,  measurements  show  results  approximating 
closely  such  calculated  values. 

When  arcs  are  used  they  should  be  placed  fairly  high,  twenty 
to  twenty-five  feet  when  used  for  general  illumination  and  the  ceilings 
are  high.  They  should  be  supplied  with  reflectors  so  as  to  utilize 
the  light  ordinarily  thrown  upwards.     Wlien  used  for  drafting-room 
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\vi)rk,  llifv  >li()iil«l  l>e  .siis|)fn(ltMl  from  twi-lvr  to  fiftifu  feet  above 
the  flcMir.  aiitl  s[M'<ial  care  must  Ik-  taken  t<i  ditTuse  tli«-  lij^lit. 

IneaiiiK'Seeiit  lainj>><  may  Ik-  arraiip'«|  iti  {;rciiij>s,  either  as  side 
li«;hts  or  inounte«l  on  (liaii(h"lier.s,  or  they  may  Ix*  arrarifjetl  a.s  u  frieze 
ninniiij;  arouii<l  the  r(M)m  a  few  feet  Im*1o\v  the  ceiling.  The  hist 
iiameil  arraiij^emeiit  of  li|^lit.s  is  Diie  that  may  Ik-  made  artistic,  but  it 
is  uneconomieal  and  wher)  used  >h()uld  serve  for  the  gnjun<l  ilhtmina- 
tiori  oiilv.  Kefleetor  li<^hts  may  l>e  used  for  this  styh-  of  work  and 
the  lights  may  be  entirely  eoneealed  from  view,  the  reflecting  |>roj>- 
ertvof  the  walls  In-ing  utilized  for  distributing  the  light  where  neede<J. 

Ceiling  lights  should  preferably  be  suj^plied  with  refleetors, 
esjM-eially  when  the  ceilings  are  high. 

Indirect  lighting  is  employed  to  some  extent.  By  indirect 
liglr.ing  we  mean  a  system  af  illumination  in  wliic  h  the  light  source.-? 
are  voncealeil  and  the  light  from  them  is  reflected  to  the  room  by  the 
wal.'s,  or  ceilings,  or  other  .surfaces;  or  in  which  the  light  .sources  are 
placed  al)ove  a  difTusiug  panel.  In  the  latter  case  the  tliffusing  plate 
apivars  to  Ik-  the  source  of  light.  In  some  cases  the  walls  themselves 
are  shaped  ami  constructed  so  as  to  I'orin  tiie  reflectors  for  the  light 
uni  -s  (cove  lighting),  but  in  others  all  of  the  reflecting  surfaces,  exi-ept 
the  side  walls  and  ceiling,  are  made  portions  of  the  lamp  fi.xtures. 

Tables  XM  ;iiid  X\  II  give  data  on  arc  and  mercury-vapor 
lai  i|)S  for  ligiiiing  large  rooms.  TabU-  XVII  refers  to  arc  lights  as 
aeiMallv  installed. 
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SKYLIGHT  WORK  * 


Tlie  upper  illustration  shows  the  layout  of  a  flat  pitched  skylight  whose 
curb  measures  6' —  0* X 7' —  6",  the  run  of  the  rafter  or  length  of  the  glass  being 
G'  0*  on  a  horizontal  line.  Five  bars  arc  requirefl,  making  ti»e  ghiss  15  inches 
wide      A  working  section  through  AB  and  CD  Ls  shown  below. 

It  will  l)e  noticed  in  the  section  through  .\H  that  the  fliishing  is  locked  to 
the  roofing  and  flanged  around  the  inside  of  tiie  angle  iron  construction;  over 
this  the  curb  of  the  skylight  rests,  bolted  through  the  angle  iron  as  shown,  the 
bolt  being  capjxjd  and  soldered  to  avoid  leakage. 

Tlie  same  construction  is  used  in  the  section  through  CD,  with  the  excep- 
tion, that  when  the  flashing  cannot  be  made  in  one  piece,  a  cross  lock  is  placed 
in  the  manner  indicated,  over  the  fireproof  blocks. 


•  The  llluntratlon  referreti  to  will  bo  found  on  tho  back  of  thla  paK» 
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coMSTnucTion  drawing  ^Rowma  layout 
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CondenssJ^ion'- 


■Roof     ^^T^^ 


SecTfion  throuo,h  lov/(2,r> 
end.    of   curb  A.-S> 


.SecTion    rhrou.b,h 
xj.pper    end    of  curb 
C-D 


FOR  EXPLANATION  OF  THIS  PROBLEM  SEE  BACK  OF  PAGE 


SHEET  METAL  WORK 

TAl;  r  1 

SKYLIGHT  WORK 

Wlicre  formerly  skylij^hLs  were  ct)n.structe«l  from  wrought  iron 
or  wood,  to-<lay  in  all  the  larj^e  cities  they  are  heing  inadeof  j^alvani/,e«i 
sheet  iron  ami  copper.  Sheet  metal  skylights,  having  by  their  j>eculiar 
construction  lightness  and  strength,  are  superior  to  iron  and  woo<len 
lights;  su|ierior  to  iron  lights,  inasmucli  as  there  is  hardly  any  ex|)an- 
sion  or  contraction  of  the  metal  to  cause  leaks  or  breakage  of  glas.s;  and 
su{)erior  to  wooden  lights,  because  they  are  fire,  water  and  condensa- 
tion- proof,  and  being  less  clumsy,  admit  more  light. 

Tlic  small  Ijody  of  metal  use<l  in  the  construction  of  the  bar  and 
curb  and  the  provisions  which  can  be  matle  to  carry  off  the  inside  con- 
densatiim,  make  slieet  metal  skylights  superior  to  all  others  constructeil 
from  diiferent  material. 

CONSTRUCTION 

The  construction  of  a  sheet  metal  skylight  is  a  very  simple  matter, 
if  the  patterns  for  the  various 
intersections  are  proj)erly  devel- 
o{)ed.  For  example,  the  bar 
shown  in  Fig.  14')  consists  of  a 
piece  f)f  .sheet  metal  having  the 
re(|uire<l  stretchout  and  length,  B 
ami  bent  by  special  machinery, 
or  on  the  regular  cornice  brake, 
into  the  shape  .shown,  which  rep- 
resents strength  and  rigidity  with 
the  least  amount  of  weight.  .\  A 
re|)rc.ser>t  the  condensation  gut- 
ters to  receive  the  (condensation 


ViR.  1 1.1. 


Fig.  H6. 


from  the  inside  when  the  warm  air  strikes  against  the  o>Id  surface  of 
tliegljus.s,  while  H  H  .shosv  the  rabbets  or  gla.s.s-rest  for  (hegliixs. 

In  Fig.  IIG,  C  C  is  a  re-enforcing  .strip,  which  is  usvxl  to  htild  Uie 
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two  walls  O  O  together  and  impart  to  it  great  rigidity.     When  skylight 

bars  are  required  to  bridge  long  spans,  an  internal  core  is  made  of 

sheet  metal  and  placed  as  shown  at  A  in  Fig.  147,  which  adds  to  its 

weight-sustaining  power.      In  this  figure  B  B  shows  the  glass  laid  on 

a  bed  of  putty  with  the  metal  cap 
C  C  C,  resting  snugly  against  the 
glass,  fastened  in  position  by  the 
rivet  or  bolt  D  D.  Where  a  very 
large  span  is  to  be  bridged  a  bar 
similar  to  that  shown  in  Fig.  148  is 
used.  A  heavy  core  plate  A  made 
of  J-inch  thick  metal  is  used,  riveted 
or  bolted  to  the  bar  at  B  and  B.  In 
construction,  all  the  various  bars 
terminate  at  the  curb  shown  at  A  B 
C  in  Fig.  149,  which  is  fastened  to 
Fig-  147.  the  wooden  frame  D  E. 

The  condensation  gutters  C  C  in  the  bar  b,  carry  the  water  into 

the  internal  gutter  in  the  curb  at  a,  thence  to  the  outside  tlirough  holes 

provided  for  this  pm-pose  at  F  F.      In  Fig.  150  is  shown  a  sectional 

view  of  the  construction  of  a  double-pitched 

skylight.     A  shows  the  ridge  bar  with  a  core  in 

the  center  and  cap  attached  over  the  glass.      B 

shows  the  cross  bar  or  clip  which  is  used  in 

large  skylights  where  it  is  impossible  to  get  the 

glass  in  one  length,  and  where  the  glass  must 

be  protected  and  leakage  prevented  by  means 

of  the  cross  bar,  the  gutter  of  which  conducts 

the  water  into   the   gutter  of   the  main   bar, 

thence  outside  the  curb  as  before  explained. 

C  is  the  frame  generally  made  of  wood  or  angle 

iron  and  covered  by  the  metal  roofer  with  flash- 

ing  as  shown  at  F.     D  shows  the  skyhght  bar 

with  core  showing  the  glass  and  cap  in  position.     E  is  the  metal  curb 

against  which  the  bars  terminate,  the  condensation   being  let  out 

through  the  holes  shown. 

In  constructing  pitched  skylights  having  double  pitch,  or  being 

hipped,  the  pitch  is  usually  one-third.     In  other  words  it  is  one-third 
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of  the  spun.     If  a  skvlif^ht  were  12  feet  wide  and  one-third  pitch  were 

retiuire«l,  the  rise  in  the  tvnter  would  he  one-third  i»f  12,  or  4  feet. 

Wlu-n  a  Hat  .skvli^'lit  is  made  tlie 

pitch  is  usually  l)uilt  in  the  wihmI 

or  iron  frame  and  a  flat  skvlij^ht 

laid  over  it.     The  glass  used  in 

the  eonstruetion  of  metallic  skv- 

li<;hts  is  usually  }-inch   rough   «)r 

ril)l)ed  glass;  but    in  some  cases 

heavier  glass  is  use«l. 

If  for  any  rea.son  it  is  desire* I 

to  know  the  weight  of  the  various 

thickness  of  glass,  the  following 

table  will  prove  vahiahlc. 

Weight  of  Rough  Glass  Per 
Square  Toot. 

Thickness  in  inches. 

i  -iV  '•  ^-  '•  ^-  3-   '• 

\Veight  in   ]K)unds. 

2.    2"..  '6h.    o.  7.  S'..  1(1.  12',. 


iig.  U'J. 


I'in.  1.jO. 


165 


136  SHEET  METAL  WORK 

SHOP  TOOLS 

In  the  smaller  shops  the  bars  are  cut  with  the  hand  shears  and 
formed  up  on  the  ordinary  cornice  brake.  In  the  larger  shops,  the 
strips  required  for  the  bars  or  curbs  are  cut  on  the  large  squaring 
shears,  and  the  miters  on  the  ends  of  these  strips  are  cut  on  what  is 
known  as  a  miter  cutter.  This  machine  consists  of  eight  foot  presses 
on  a  single  table,  each  press  having  a  different  set  of  dies  for  the  purpose 
of  cutting  the  various  miters  on  the  various  bars.  The  bars  are  then 
formed  on  what  is  known  as  a  Drop  Press  in  which  the  bar  can  be 
formed  in  two  operations  to  the  length  of  10  feet. 

METHOD  EMPLOYED  IN  OBTAINING  THE  PATTERNS 
The  method  to  be  employed  in  developing  the  patterns  for  the 
various  skylights  is  by  parallel  lines.  If,  however,  a  dome,  conserva- 
tory or  circular  skylight  is  required,  the  blanks  for  the  various  curbs, 
bars,  and  ventilators,  are  laid  out  by  the  rule  given  in  Sheet  Metal 
Work,  Part  IV,  under  "Circular  Work". 

VARIOUS  SHAPES  OF  BARS 

In  addition  to  the  shapes  of  bars  shown  in  Figs.  145  to  148  in- 
clusive, there  is  shown  in  Fig.  151  a  plain  bar  without  any  condensation 
gutters,  the  joint  being  at  A.  B  B  represents  the  glass  resting  on  the 
rabbets  of  the  bar,  while  C  shows  another  form  of  cap  which  covers 

IE 


Fig.  152.  Fig.  153. 

the  joint  between  the  bar  and  glass.  Fig.  152  gives  another  form  of 
bar  in  which  the  condensation  gutters  and  bar  are  formed  from  one 
piece  of  metal  with  a  locked  hidden  seam  at  A.  Fig.  153  shows  a  bar 
on  which  no  putty  is  required  when  glazing.  It  will  be  noticed  that 
it  is  bent  from  one  piece  of  metal  with  the  seam  at  A,  the  glass  B  B 
resting  on  the  combination  rabbets  and  gutters  C  C.  D  is  the  cap 
which  is  fastened  by  means  of  the  cleat  E.  These  cleats  are  cut  about 
^inch  wide  from  soft  14-oz  copper,  and  riveted  to  the  top  of  the  bar 
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at  V;  tlifii  a  slot  is  cut  into  tlu-  rii|)  D  iis  shnwii  from  a  to  h  in  Fij;.  l'>4; 
then  tlie  caj)  is  pressed  lirinly  onto  tlie  i^hiss  ami  the  rieat  E  turne»l 
down  whic-h  holds  the  cap  in  )K)sition. 

Wh'.'ii  a  skyH^jht  is  constructetl  in  wliich  raising;  sashes  are  re- 
(|uireil,  tis  shown  in  Fij;.  1 ')'),  half  bars  are  required  at  the  sides  A  and 
B.  while  the  bars  on  each  siile  of  the  siLsh  to  l>e 
raise»l  are  so  constructe<l  that  a  water-tifi;ht  joint 
is  obtained  when  cl()se<l.      This  is  shown  in  P'i^. 
lo(),  which  is  an  enlarj^ed  section  through  AB  in 
Fig.  loo.     Thus  in  Fig.  loG,  A  A  represents  the 
two  half  bars  with  condensation  gutters  as  shown, 
the  locked  .seam  taking  place  at  B  B.     f '  C  rejiri'- 
sent  the  two  half  bars  for  the  raising  sash  with  the  caps  1)1)  attarh- 
cd  to  same,  as  shown,  so  that  when  the  sash  ('  C  is  closed,  the  caps 


Fig.  l.')4. 


Fig.  i.-.r.. 
D  D  cover  the  jomt  between  the  glass  K  K  and  the  stationary  half 
bjirs.     F  F  are  the  half  (•aj)S  soldered   at   a  a   to  the  bars  ('(' which 
protect  the  joints  between  the  glass  II  II  and  tlic  bars  C  C 

VARIOIS  SIIM'liS    or  CI  RBS 

in    Figs.    l.")7,    l.')^  and    l.V.i 

e:       arc  shown  a  few  .shapes  of  curbs 

y  which    arc    \isi'd    in    c«)nnection 

with   Hat    skylights.     .\    in    Fig. 

\'u  shows  the  curb  for  the  three 
J 


flLS 


lig.  l.-.t. 


sides  of  a  flat  skylight,  forme«l  in 
one  piece  with  a  joint  at  B.  while 
('  .shows  the  cap,  fa.stened  as  j)reviously  descrilMNl.  ■".V"  show.s  the 
height  at  the  lower  end  '^f  the  ?urh.  wh'cJi  is  made  ns  high  «us  the 
gla.ss  is  thick  and   allows   fjie  water  U'  rim  over.     In  Fig.  1.'>S.  A   Ls 
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another  form  of  skylight  formed  in  one  piece  and  riveted  at  B; 
a  shows  the  height  at  the  lower  end.  In  the  previous  figures  the  frame 
on  which  the  metal  curb  rests  is  of  wood,  while  in  Fig.  159  the  frame  is 


Fig.  157 


Fig.  158. 


Fig.  159, 


of  angle  iron  shown  at  A.  In  tliis  case  the  cm-b  is  slightly  changed 
as  shown  at  B;  bent  in  one  piece,  and  riveted  at  C.  In  Figs.  100,  161, 
and  162  are  shown  various  shapes  of  curbs  for  pitched  skylights  in 
addition  to  that  shown  in  Fig.  149.  A  in  Fig.  160  shows  a  curb  formed 
in  one  piece  from  a  to  &  with  a  condensation  hole  or  tube  shown  at  B. 


Fig.  160. 


Fig.  161. 


Fig.  162. 


In  Fig.  161  is  shown  a  slightly  modified  shape  A,  with  an  offset  to 
rest  on  the  curb  at  B.  Wlien  a  skylight  Is  to  be  placed  over  an  opening 
whose  walls  are  brick,  a  gutter  is  usually  placed  around  tiie  wall,  as 
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shown  in  Fi<:.  162,  in  which  A  represents  a  section  of  tlie  wall  an  which 
a  glitter,  H,  is  hung,  formeil  from  oih"  pieri'  of  iiu'tal,  as  -ihnwn  from  a 
to  h  to  c.  On  top  of  this  the  metal  curl)  ("  is  sol.iiTctI,  which  Ls  alio 
forn>e«l  from  one  piece  with  a  lock  seam  at  /,  To  stiffen  thi-S  curb  a 
wooden  core  !•;  slippeil  inside  as  shown  at  I).  Friiui  the  iitside  ctjn- 
densatimi  gutter  /  a  ll-o/.  copj)er  tuhe  runs  through  tlie  ciirh,  shown 
at  d.  The  condensation  from  tlie  gutter  r  in  the  bar,  drips  into  the 
gutter  /,  out  of  the  tuhe  d,  into  the  nuiiu  gutter  H,  froiu  wliich  it  is  c«»n- 
veyed  to  tlie  outside  by  a  leatk'r. 

In  Fig.  103  is  shown  an  enhirged  section  of  a  raising  sash,  taken 
through  C  D  in  Fig.  lo5.  A  in  Fig.  \i\^  shows  the  ridge  bar,  li  the 
lower  curb  and  C  I)  the  side  sections  of  the  bars  explainetl  in  connec- 
tion with  Fig.  l.jCt.  K  F  in 
Fig.  1(3.3  shows  the  upper 
frame  of  tlie  raising  sash,  Ht- 
ting  onto  the  half  ridge  bar 
A.  On  each  raising  sash,  at 
tlie  upper  end  two  hinges  II 
are  riveteil  at  E  and  I,  which 
allow  the  sash  to  raise  or  close 
by  means  of  a  cord,  rod,  or 
gearings.  J  K  shf)ws  the 
lower  frame  of  the  sash  fitting 
over  the  curb  B.  Holes  are 
jjuncii'nl  at  c  to  allow  the 
condensation  to  escape  into  h, 
thence  to  the  outside  through  IIk-  1'>-'5. 

C.  Over  the  hinge  II  a  hood  or  cap  is  placc^l  which  prevents 
leakage.  Fig.  101  shows  a  section  through  .\  H  in  Fig.  107  and  rep- 
resents a  hippe<l  skylight  having  one-third  pitch.  ]\y  a  skylight  of 
one-third  j)itch  is  meant  a  skylight  whose altituile  or  height  .\  H,iscH|ual 
to  one-third  of  the  sj)an  ( "  1 ).  If  the  skylight  was  to  have  a  pitch  of 
one-f(»urth  or  one-fifth,  then  the  altitude  .V  H  wouhl  etpial  one-f(»urtJi 
or  oiie-(ifth  respectively  of  the  span  CI). 

Tlic  illustration  shows  tlie  ciuistruction  of  a  hi|>jH>l  skylight  with 
ridge  ventilator  which  will  be  briefly  ilescriU'd.  ('  |)  is  the  curb;  K  F. 
the  in.sidc  ventilat«)r;  F  F  tlie  outsiile  ventilator  ftirniing  a  cap  «>vct  ihc 
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glass  at  a.  G  shows  the  hood  held  in  position  by  two  cross  braces  H. 
J  represents  a  section  of  the  common  bar  on  the  rabbets  of  which  the 
glass  K  K  rests.     L  shows  the  condensation  gutters  on  the  bar  J, 


Fig.  164. 


which  are  notched  out  as  shown  at  M,  thus  allowing  the  drip  to  enter 
the  gutter  N  and  discharge  through  the  tube  P.  The  foul  air  escapes 
under  the  hood  G  as  shown  by  the  arrow. 


Fig.  165. 
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DORMER  ON  MDSEE  DE  CLUNY,  PARIS,  FRANCE 

Built  iu  ihe  Fifteenth  Ceutury     Note  the  Figure  Sculpture  at  Sides  of  Dormer. 
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\  MvMOl  ■>    -^n  IIS    Ol     >KN  I  lull  l> 
In  Fijj.  !().")  i.s  .-iliowM  \sliiii  i-.  known  n.-,  a  >inf^lf-j<iuli  Vr^Ul,  ami  is 
platiil  on  :i  c-url>  inatle  l>y  tlie  rarpenter  wliicli  luts  the  «lesire<l  pitch. 


Fig.  ir.n. 

Tlu'se  skvlif^ht.s  are  chiefly  used  on  steep  roofs  as  shown  in  the  illus- 
tration, and  made  to  set  on  a  wfK)den  curhs  pitching  the  same  as  the 


KiK.  lf,7. 

roof,  the  curl)  first  being  flashed.     Ventilation  is  oblainetl  by  raising 
one  or  more  lights  by  means  of  gearings,  as  shown  in  Fig.  155. 


FiK.   \QS. 
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Fig.  166  shows  a  double-pitch  skylight.  Ventilation  is  obtained 
by  placing  louwes  at  each  end  as  shown  at  A.  Fig.  167  shows  a 
skylight  with  a  ridge  ventilator.  The  corner  bar  C  is  called  the  hip 
bar;  the  small  bar  D,  mitering  against  the  corner  bar,  is  called  the  jack 
bar,  while  E  is  called  the  common  bar.  Fig.  168  illustrates  a  hip  mon- 
itor skylight  with  glazed  opening  sashes  for  ventilation.  These  sashes 
can  be  opened  or  closed  separately,  by  means  of  gearings  similar  to 
those  shown  in  Fig.  177      In  Fig.  169  is  shown  the  method  of  raising 


Fig.  169. 

sashes  in  conservatories,  greenhouses,  etc.,  the  same  apparatus  being 
applicable  to  both  metal  and  wooden  sashes.  Fig.  170  shows  a  view 
of  a  photographer's  skylight ;  if  desired,  the  vertical  sashes  can  be  made 
to  open. 

In  Fig.  171  is  shown  a  flat  extension  skyhght  at  the  rear  of  a  store 
or  building.  The  upper  side  and  ends  are  flashed  into  the  brick  work 
and  made  water-tight  with  waterproof  cement,  while  the  lower  side 
rests  on  the  rear  wall  to  which  it  is  fastened.     In  some  cases  the  rear 
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;;iitt«T  is  (if  cast  iron,  put  up  liy  tlu"  imn  workrr,  hiil  it  i.s  usiiullv  made 
of  No.  2'2  ^'alvani/nl  iron,  or  2()-oz.  coM-rolK'*!  «op|KT.  To  rtt-eive 
the  lM)ttom  of  tlie  ^iittt-r  and  skylij^lit,  tlie  wall  should  l>f  fovere<l  l»y  a 
wooden  plate  A,  Fij;.  172,  al)<)iit  two  inches  thick,  and  another  plank 
set  edj;eways  flush  with  the  inside  of  the  wall,  as  shown  at  H.  'i'he 
two  planks  are  not  re<juire<l  when  a  cast  iron  gutter  is  useil. 

Fij;.  173  shows  a  hi|)ped  skyli<;ht  without  a  ridjje  ventilator,  set 
nil  a  metal  curl»  in  which  louvres  have  lieeu  place<l.  These  lou\Tes 
niav  he  made  stationarv  or  movaMe.     When  nunh'  movahle,  thev  are 
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constructed  as  shown  in  l-'i;,'.  17  I,  in  which  A  shows  a  persptH'tive  view, 
M  shows  them  closeil,  and  ('  open.  Thev  are  operated  hv  the  «|uail- 
rants  attache<l  to  the  upright  hars  a  and  !>,  which  in  turn  are  pullol  up 
atid  down  l»y  cords  or  chains  worked  from  helow.  When  a  skylii;ht 
has  a  very  lonj;  span,  as  in  Fi^.  17.'i.  it  is  constructed  as  .shown  in  Fijj. 
17('»,  in  which  A  represents  a  'l'-l>eam  which  can  In*  truss«tl  if  iiiM-e.ssary. 
This  construction  allows  the  water  to  escape  from  ih**  Intttom  of  the 
upper  li^'ht  to  the  outside  of  the  lop  of  the  lower  skylijjht,  the  i-url»  (' 
of  the  upper  li^jht  (ittiii^'  over  the  curl>  H  of  the  lower  li^hl. 
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In  Fig.  177  is  shown  the  method  of  applying  the  gearings      A 
shows  the  side  view  of  the  metal  or  wooden  sash  partly  opened,  B  the 


Fig.  171. 

end  of  the  main  shaft,  and  C  the  binder  that  fastens  the  main  shaft  to 
the  upright  or  rafter.  D  shows  the  quadrant  wheel  attached  to  main 
shaft  and  E  is  the  worm  wheel,  geared  to  the  quadrant  D,  commun- 
icating motion  to  the  whole  shaft. 
F  is  a  hinged  arm  fastened  to  the 
main  shaft  B  and  hinged  to  the 
sash.  By  turning  the  hand-whee  1 
the  sash  can  be  opened  at  any 
angle. 

DEVELOPMENT  OF  PATTERNS 
FOR  A  HIPPED  SKYLIGHT 

The  following  illustrations 
and  text  will  explain  the  princi- 
ples involved  in  developing  the 
patterns  for  the  ventilator,  curb, 
hip  bar,  common  bar,  jack  bar, 
and  cross  bar  or  clip,  in  a 
hipped  skylight.      These  princi- 


Fig.  172. 


pies  are  also  applicable  to  any  other  form  of  light,  whether  flat, 
double-pitch,  sins'le-Ditch.  etc. 
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III  I'i;,'.  17S  is  shown  a  lialf  s«*<(iuii,  a  (|iiarter  plan,  and  a 
iliupmal  flfVa(i(Mi  of  a  hip  l)ar,  inchi(hn^  (he  patterns  for  tlie  ciirh, 
hip,  jack,  ami  ooinnion  hiirs.  Tlie  nietliod  of  making  these  drawing 
will  be  explaineil  in  detail,  so  that  tlie  student  wlu)  pays  elose  atleniiou 


Fig   17.-J 

will  have  no  difficulty  in  laying  out  any  patterns  no  matter  what  the 
pitch  of  tlie  skylight  may  l)e,  or  what  angle  its  plan  may  have. 

First  draw  any  center  line  jus  A  B,  at  right  angles  to  which  lay  otT 
C  4',  equal  to  12  inches.     A.ssuming  that  (he  light  is  to  have  one-third 
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pitcli,  then  make  the  distance  C  D  itpial  to  S  inchivi  which  is  <inj>-(hird 
of  21  inches,  and  draw  the  slant  Inie  1  >  t.'  At  right  angles  (o  1)  I'  phut- 
a  M'ction  of  the  common  har  a.s  shown  by  IC,  through  which  ilraw  lines 
parallel  to  1)  J',  intersecting  the  curl)  .shown  fri»n»  o  to  /  at  the  Inittoni 
and  (he  inside  .section  of  the  ventihitor  from  V  to  (I  at  (he  top.     .\t 
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pleasure  draw  the  section  of  the  outside  vent  shown  from  ^  to  Z  and  the 
hood  shown  from  m  to  p.  X  represents  the  section  of  the  brace  resting 
on  i  j  to  uphold  the  hood  resting  on  it  in  the  corner  o.    The  condensa- 


Fig.  175. 
tion  gutters  of  the  common  bar  E  are  cut  out  at  the  bottom  at  5'  6' 
which  allows  the  drip  to  go  into  the  gutter  d  e  j  oi  the  curb  and  pass 
out  of  the  opening  indicated  by  the  arrow.     Number  the  corners  of 
each  half  of  the  common  bar  section  E  as  shown,  from  1  to  6  on  each 

side,  through  which  draw  lines 
parallel  to  D  4'  until  they  inter- 
sect the  curb  at  the  bottom  as 
shown  by  similar  numbers  1'  to 
6',  and  the  inside  ventilator  at  the 
top  by  similar  figures  1"  to  6". 
This  completes  the  one  half-sec- 
tion of  the  skylight.  From  this 
section  the  pattern  for  the  com- 
mon bar  can  be  obtained  without 
the  plan,  as  follows: 


Fig.  176. 


At  right  angles  to  D  4'  draw  the  Une  I  J  upon  which  place  the 
stretchout  of  the  section  E  as  shown  by  similar  figiu-es  on  I  J.  Through 
these  small  figures,  and  at  right  angles  to  I  J,  draw  lines,  and  intersect 
them  by  lines  drawn  at  right  angles  to  D  4'  from  similarly  numbered 
intersections  V  to  6'  on  the  curb  and  \"  to  6"  on  the  inside  ventilator. 
Trace  a  line  through  points  thus  obtained ;  then  A'  B*  C^  D*  will  be  the 
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pattern  fur  the  c*i)iniiii>ii  l»ar  in  a  liippeil  skylight.  The  .same  inetluHl 
woiilil  l»e  eiuj)h)ye«l  if  a  pattern  were  develope*!  for  u  Hat  or  a  «!oul)le- 
pitch  Hj(ht.  From  this  same  half  section  the  pattern  f<jr  the  cnrh  is 
tlevel«»j>e«l  by  takinjj  the  stretchout  of  the  various  corners  in  the  curb, 
a  b  '.V  A'  ('  d  f  and  /.  and  phicinj,'  them  on  the  center  Hue  A  B  a.s  shown 
hy  simihir  letters  an<l  (i^'ures.  Throuj^h  these  divisions  and  at  rijjht 
anijles  to  A  U  draw  hues  which  intersect  with  hues  drawn  at  right 
angles  t»»  ( "  4'  from  similar  j)oints  in  the  curl>  section  a  j.  Trace  a  line 
through  points  tiuis  ol>taine<l;  then  E'  F'  /  a  will  he  the  half  pattern  for 
the  curl)  shown  in  the  half  secticui.  V  represents  the  a)nden.siition  hole 
to  he  punche<l  into  the  pattern  between  each  light  of  gliLs.s  in  the  sky- 
light.    As  tlie  {xjrtion  c  d  turns  uj)  on  c  4',  use  r  as  a  center,  and  with 


^ 


I'^g.  177. 

the  radius  r  s  strike  the  semicircle    shown.     AImivc  this   semicircle 
punch  the  hole  \. 

Before  the  j)attenis  can  be  obtained  for  the  hip  and  jack  bars,  a 
(piartcr  plan  view  must  be  constructed  whicli  will  give  the  jK)ints  of 
intersections  between  the  hip  bar  and  curb,  between  the  hip  bar  ami 
vent,  or  ridge  bar.  and  between  the  hip  and  jack  bar.  'I'hert-fore,  from 
any  p<iiiit  nn  the  center  line  A  W  as  K,  draw  K  I.  at  right  angles  to  A  H. 
.\s  the  skylight  forms  a  right  angle  in  j)lan,  draw  from  K.  at  an  angle 
of  4."»°,  the  hip  or  diagonal  line  K  1°.  Take  a  tra«'ing  of  the  ctimmoii 
bar  section  K  with  the  various  figures  on  same,  and  place  it  «)n  the  hip 
line  K  P  in  plan  .so  that  the  |»oints  1  I  come  din-ctly  on  the  hip  jls 
shown  by  K'.     Through  tlic  various  figures  draw  lines  parallel  to  K  \° 
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oriL'-luilf  of  which  are  inttTset-tnl  In-  vertical  lines  drawn  jmrallel  to  A 
H  from  .similar  jM)int.s  of  intersection  1'  to  (>'  on  the  curl>,  an«l  1"  to  li* 
on  the  ventilator  in  the  half  section,  its  shown  res|)e<-tively  in  plan  l>y 
interse<.-tions  1°  to  0°  and  T  to  (?'.  Hclow  the  hip  line  K  1°  trace  the 
opjx)site  intersection  as  shown.  It  should  he  understood  that  tlie 
section  E'  in  plan  does  not  indicate  the  true  jirofile  of  the  hip  bar 
(  whichmust  he  (il)taiiie<l  later), hut  is  only  j)laced  there  to  give  tlie  hori- 
zontal distances  in  |)lan.  In  laying  out  the  work  in  practice  to  full  size, 
the  up{)er  half  intersection  of  the  hij)  har  in  j)lan  is  all  that  is  retjuire*]. 
It  will  he  noticed  that  the  j)oints  of  intersections  in  j)Ian  and  one  half 
section  have  similar  numbers,  and  if  the  student  will  carefully  follow 
each  point  tlie  method  of  these  projections  will  bec-<jme  apparent. 

Having  ol)taine<l  the  true  j)oiiits  of  intersections  in  plan  the  next 
step  is  to  obtain  a  diagonal  elevation  of  tlie  hip  bar,  from  which  a  true 
section  of  the  hip  bar  and  pattern  are  obtained.  To  do  this  draw  any 
line  as  R  M  parallel  to  K  1°.  This  Ijase  line  U  M  has  the  same  eleva- 
tion as  the  base  line  C  4'  has  in  the  half  section.  From  the  various 
points  1°  to  0°  and  V  to  (V  in  plan,  erect  lines  at  right  angles  to  K  1° 
crossing  the  line  R  M  indefinitely.  Now  measuring  in  each  and  every 
instance  from  the  line  ( '  l'  in  the  half  section  take  the  various  distances 
to  joints  D  1"  2"  3"  4"  .V  and  C"  at  the  tup,  and  to  jx-ints  1'  2'  :V  4' .')' 
and  0'  at  the  bottom,  and  place  them  in  the  tliagonal  elevation  meas- 
uring in  each  and  every  instance  from  the  line  R  M  on  the  similarly 
numbered  lines  drawn  from  the  j)Iaii,  thus  locating  respectively  tlie 
|X)ints  X  r  2^  3^  4^  .V  and  iV  at  the  toj),  and  V  2''  :V  V  .')'•  and  (i''  af 
tlie  Inittom.  Through  the  points  thus  obtainetl  ilraw  the  miter  lines 
P  to<)'  and  !'■  to  •>'  and  comiect  tJie  various  jx)ints  by  lines  as  .sliown, 
which  cfimpletes  the  diagonal  elevation  of  the  hip  bar  intersecting  the 
curb  and  vent,  or  ridge.  To  obtain  the  true  section  of  the  hip  bar, 
take  a  tracing  of  the  ct)nunon  bar  K  or  K'  and  place  il  in  the  jH)sition 
shown  by  Iv\  being  careful  to  place  the  j)oiiits  I  I  at  right  angles  t«> 
1^  ]'■  as  shown.  From  the  various  ])oints  in  the  Ncction  Iv'  at  right 
angles  to  1'"  1'  draw  lines  intersecting  similarly  numbereil  lines  in  tlie 
diagonal  elevation  as  shown  from  1  to  (i  on  either  side.  ( 'oiinect  these 
jK)inl>  as  shown;  then  K*  will  In-  the  true  profile  of  the  hip  bar.  Note 
the  dilfrrfMcr  in  the  two  profiles;  the  normal  I'?  an«l  the  m»)dilie«l  K*. 

IIa\ing  obtainnl  the  true  profile  I'V  the  |)attern  for  the  hip  bar  is 
obtaine«i   bv  ilrawing  the  stretchout  line  ()  1*  at  right  angles  I'   1". 
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Fake  the  stretchout  of  the  profile  E*  and  place  it  on  O  P  as  shown  by 
similar  figures.  Through  these  small  figures  and  at  right  angles  to 
O  P  draw  lines  which  intersect  by  lines  drawn  at  right  angles  to  P  1^ 
from  similarly  numbered  points  at  top  and  bottom,  thus  obtaining  the 
points  of  intersections  shown.  A  line  traced  through  the  points  tlius 
obtained,  as  shown  by  W  J^  K'  L^  will  be  the  pattern  for  the  hip  bar. 

For  the  pattern  for  the  jack  bar,  take  a  tracing  of  the  section  of  the 
common  bar  E  and  place  it  in  the  position  in  plan  as  shown  by  E^ 
being  careful  to  have  the  points  1  and  4  at  right  angles  to  the  line  1^  1°. 
It  is  immaterial  how  far  the  section  E-  is  placed  from  the  corner  2°  as 
the  intersection  with  the  hip  bar  remains  the  same  no  matter  how  far 
the  section  is  placed  one  way  or  the  other.  Through  the  various 
corners  in  the  section  E-  draw  lines  at  right  angles  to  the  line  1°  1^  inter- 
secting one  half  of  tlae  hip  bar  on  similarly  numbered  lines  as  shown  by 
the  intersections  P  2^  3^  4^  5^  6^  and  I''  2"^  S^  4^  o"'  and  G'' ;  also  inter- 
secting the  curb  in  plan  at  points  P  to  6^^.  The  intersection  between 
the  jack  bar  and  curb  in  plan  is  not  necessary  in  the  development  of 
the  pattern  as  the  lower  cut  in  the  pattern  for  the  common  bar  is  the 
same  as  the  lower  cut  in  the  pattern  for  the  jack  bar.  However,  the 
intersection  is  shown  in  plan  to  make  a  complete  drawing.  At  right 
angles  to  the  line  of  the  jack  bar  in  plan,  and  from  the  various  inter- 
sections with  the  hip  bar,  erect  lines  intersecting  similarly  numbered 
lines  in  the  section  as  shown.  Thus  from  the  various  intersec- 
tions shown  from  P  to  G^  in  plan,  erect  vertical  lines  intersect- 
ing the  bar  in  the  half  section  at  points  shown  from  P  to  6^.  In 
similar  manner  from  the  various  points  of  intersections  3'',  5"^,  and  6'' 
in  plan,  erect  lines  intersecting  the  bar  in  the  half  section  at  points 
shown  by  S''  .5"'  6"^.  Connect  these  points  in  the  half  section,  as  shown, 
which  represents  the  line  of  joint  in  the  section  between  the  hip  and  jack 
bars. 

For  the  pattern  for  the  upper  cut  of  the  jack  bar,  the  same  stretch- 
out can  be  used  as  that  used  for  the  common  bar.  Therefore,  at  right 
angles  to  D  4'  and  from  the  various  intersections  P  2^  3''  4^  5^  and  6^ 
draw  lines  intersecting  similar  numbered  lines  in  the  pattern  for  the 
common  bar  as  shown  by  similar  figures.  In  similar  manner  from  the 
various  intersections  3"'  5"'  and  6"'  in  the  one  half  section,  draw  lines  at 
right  angles  to  D  4'  intersecting  similarly  numbered  lines  in  the  pattern 
as  shown  by  3"^  5"^  and  6"^.     Trace  lines  from  point  to  point,  then  the 
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cut  shown  from  N'  to  1*'  will  represfrit  the  miter  f(»r  tliut  jjurt  shown  iu 
plan  from  2'  to  0' ,  und  the  cut  shown  from  I"  to  ( )'  in  the  pattern  will 
represent  the  cut  for  that  part  sIkjwh  in  plan  fnjm  2*-  to  (J-'.  'I'he 
lower  cut  of  the  jack  l)ar  remains  the  siime  as  that  shown  in  the  pattern. 
The  half  pattern  for  the  end  of  the  hood  is  sluiwn  in  Fijj.  179,  aiul 
is  ol»taine«l  as  follows:  Draw  any  vertical  line  as  A  H,  Ujxjn  which 
place  the  stretdunit  of  the  section  of  the  hood  m  n  o  p  in  Fif^.  17.S,  as 
shown  by  similar  letters  m  n  o  p  on  A  H  in  Fig.  17i).  At  right  angles 
to  A  B  and  through  the  small  letters  draw  lines,  making  them  e(|ual  in 
length,  (measuring  from  the  line  A  B)  to  |)oints  having  similar  letters 
in  Fig.  17S,  also  measuring  from  the  center  line  A  B.  Connect  jxjints 
shown  in  Fig.  179,  which  is  the  half  pattern  for  the  end  of  the  hood. 
For  the  half  pattern  for  the  end  <>f  the  outside  ventilator,  take  die 
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stretchout  of /«  i }  k  I  in  Fig.  17S  and  i)lace  it  on  tiie  vertical  line  A  H  in 
Fig.  180  as  shown  by  similar  letters,  tlirough  which  draw  horizontal 
lines  making  them  in  length,  measuring  from  A  1^,  tHpuil  to  similar 
letters  in  Fig.  17S,  also  measuring  from  the  ct-nter  line  A  B.  Connect 
the  [Mjints  as  shown  in  Fig.  ISO  whicli  is  the  desired  lialf  pattern.  In 
Fig.  181  is  sliown  the  half  j)attern  for  the  end  of  die  in>ide  ventilator, 
the  stretchout  of  whiih  isoblaincd  from  F  1"  2"  .T'  }"  II  C  in  Fig.  17S, 
the  pattern  l)eing  obtainc*!  as  ex|>lainc<l  in  c<>mie<tion  with  Figs.  179 
and  IM). 

Wlien  a  .skylight  i.s  to  be  constructed  on  which  the  bars  arc  of  such 
lengths  that  tlie  glass  canimt  l»c  olttaiiicd  in  one  length,  and  a  cmss  bar 
or  clip  is  reijuired  as  shown  by  H,  in  Fig.  l.'iO,  which  niitcr>.  against  tiie 
main  bar,  the  pattern  for  this  intersivting  cut  is  obtained  as  shown  in 
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Fig.  182.  Let  A  represent  the  section  of  the  main  bar,  B  the  elevation 
of  the  cross  bar,  and  C  its  section.  Note  how  this  cross  bar  is  bent  so 
that  the  water  follows  the  direction  of  the  arrow,  causing  no  leaks  be- 
cause the  upper  glass  a  is  bedded  in  putty,  while  the  lower  light  b  is 
capped  by  the  top  flange  of  the  bar  C  (See  Fig.  150).  Number  all  of 
the  comers  of  the  section  C  as  shown,  from  1  to  8,  from  which  points 
draw  horizontal  lines  cutting  the  main  bar  A  at  points  1  to  8  as  shown 
At  right  angles  to  the  lines  in  B  draw  the  vertical  line  D  E  upon  which 
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place  the  stretchout  of  the  cross  bar  C,  shown  by  similar  figures, 
through  which  draw  horizontal  Hnes,  intersecting  them  with  hues 
drawn  parallel  to  D  E  from  similar  numbered  intersections  against  the 
main  bar  A,  thus  obtaining  the  points  of  intersections  1'  to  8'  in  the 
pattern.  Trace  a  line  through  points  of  intersections  thus  obtained 
which  will  be  the  pattern  for  the  end  cut  of  the  cross  bar. 

In  Fig.  183  is  shown  a  carefully  drawn  working  section  of  the 
turret  sash  shown  in  Fig.  168  at  A.     These  sashes  are  operated  by 
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iinans  of  cords,  chains  or  gearings  from  tlie  insiile,  tlie  pivot  (»n  which 
thtv  iiirn  heing  shown  l»y  11  S  in  Fig.  1^3.  Tlie  niethotl  of  obtaining 
tlic  piLtterns  for  these  sashes  will  l.-e  oniitte<l,  as  they  are  only  stjuare  and 
hutt  miters  which  the  student  will  have  n-*  trouble  in  (Jeveloping.  pro- 
siding  he  understands  the  construe- 
tion.  This  will  l)e  made  clear  hy 
the  following  explanati«jn: 

A  B  represents  the  upper  part  of 
the  tun-et  proper  with  a  <lrip  bent  on 
same,  as  shown  at  B,  against  which 
the  sashes  cl<tsc,  and  a  double  seam, 
as  shown  at  A.  which  makes  a  tight 
joint,  takes  out  the  twist  in  bending, 
and  avoids  any  soldering.  This  uj»- 
j)er  part  AB  is  indicated  by  ("  in 
Fig.  168,  over  which  the  gutter  B  is 
j)laced  as  shown  by  X  U  Y  in  Fig. 
183.  C  D  represents  the  lower  j>art 
of  tlie  turret  proper  or  ba.se,  which 
fits  over  the  wooden  curb  W,  and  is 
iiidicateil  by  D  in  Fig.  108.  1'  in 
Fig.  1S3  repre,sents  the  muUion 
made  from  one  piece  of  metal  and 
double  seanie<l  at  «.  Tliis  mullion 
is  joined  to  the  top  ami  bottom. 
'Hie  pattern  for  the  top  end  of  the 
mullion  would  .simply  .show  a  .stpiare 
cut,  while  tlie  j)attern  for  Uie  bot- 
tom would  re|)re.sent  a  butt  miter 
against  the  .slant  line  i  j.  Before  forming  up  this  mullion  the  holes 
.should  bej)unched  in  the  sides  to  admit  the  pivot  K  .'^.  The.si*  mullions 
are  .shown  in  jxisition  in  Fig.  108  by  E  E,  etc. 

F  C,  in  Fig.  1^3  represents  the  .section  of  tlie  side  of  the  siish  IxMow 
the  pivot  T.  Notice  that  this  lower  half  of  tlie  side  of  the  sa.sh  luus  a 
lock  attachment  which  luMiks  into  the  llange  of  the  mullion  E  at  F. 
\STiilr  the  .side  of  the  sash  is  bent  in  one  piece,  the  upj)cr  half,  alxive  the 
pivot  T,  ha.s  the  lock  omittctl  its  shi'Wi.  bv  .1  K.  'Hius  when  tlie  .s;i.sh 
opens,  the  up{)cr  half  of  the  sidis.  turn  toward  tlie  in»ule  as  .sliown  b} 
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the  arrow  at  the  top,  while  the  lower  half  swings  outward  as  shown  by 
the  arrow  at  the  bottom.  Wlien  the  lower  half  closes,  it  locks  as  shown 
at  F,  which  makes  a  water-tight  joint;  but  to  obtain  a  water-tight  joint 
for  the  upper  half,  a  cap  is  used,  partly  shown  by  L  M,  into  which  the 
upper  half  of  the  side  of  the  sash  closes  as  shown  at  M.  This  cap  is 
fastened  to  the  upper  part  of  the  mullion  E  with  a  projecting  hood  / 
which  is  placed  at  the  same  angle  as  the  sash  will  have  when  it  is 
opened  as  shown  by  e  e'  and  d  d'  or  by  the  dotted  lines. 

The  side  of  the  sash  just  explained  is  shown  in  Fig.  168  at  H. 
The  pattern  for  the  side  of  the  sash  has  a  square  cut  at  the  top,  mitering 
with  H  I  at  the  bottom,  in  Fig.  183,  the  same  as  a  square  miter.  H  I 
represents  the  section  of  the  bottom  of  the  sash.  Note  where  the  metal 
is  doubled  as  at  b,  against  which  the  glass  rests  in  line  with  the  rabbet 
on  the  side  of  the  sash.  A  beaded  edge  is  showTi  at  H  which  stiffens  it. 
This  lower  section  is  shown  in  Fig.  168  by  G  and  has  square  cuts  on 
both  ends.  N  O  in  Fig.  183  shows  the  section  of  the  top  of  the  sash 
shown  in  Fig.  168  by  F.  The  flange  N  in  Fig.  183  is  flush  with  the  out- 
side of  the  glass,  thereby  allowing 
the  glass  to  slide  into  the  grooves 
in  the  sides  of  the  sash.  After  the 
glass  is  in  position  the  angle  P  is 
tacked  at  n.  A  leader  is  attached 
to  the  gutter  Y  as  shown  by  B°  in 
Fig.  168.  While  the  method  of 
construction  shown  in  Fig.  183  is 
generally  employed,  each  shop 
has  different  methods;  what  we 
have  aimed  to  give  is  the  general  construction  in  use,  after  knowing 
which,  the  student  can  plan  his  own  construction  to  suit  the  conditions 
which  are  apt  to  arise. 

In  the  following  illustrations.  Figs.  184  to  187,  it  will  be  explained 
how  to  obtain  the  true  lengths  of  the  ventilator,  ridge,  hip,  jack,  and 
common  bars  in  a  hipped  skylight,  no  matter  what  size  the  skylight 
may  be.  Using  this  rule  only  one  set  of  patterns  are  required,  as  for 
example,  those  developed  in  connection  with  Figs.  178,  179,  180,  and 
181,  which  in  this  case  has  one-third  pitch.  If,  however,  a  skylight 
was  required  whose  pitch  was  different  than  one-third,  a  new  set  of 
patterns  would  have  to  be  developed,  to  which  the  rule  above  mention- 


184 


SHEEl'  MKTAL  WOUK 


e(l  would  also  be  apjdicaMc  for  skylij^'hts  of  that  particular  pitch. 
Using  Uiis  rule  it  slioulil  he  uiidersttMul  tliat  tlje  size  of  the  curb,  or 
frame,  forms  tlie  basis  for  all  measurements,  and  tliat  one  of  the  lines 
or  bentlsofthe  bar  should  meet  the  line  of  the  curb  as  shown  in  Fig.  17K, 
where  the  bottom  of  the  l»ar  K  in  the  half  section  meets  the  line  of  the 
curb  c  4'  at  4',  and  the  ridge  at  the  top  at  4'.     Therefore  when  laying 
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out  the  lengths  of  the  bars,  they  would  have  to  be  measuretl  on  the  line 
4  of  the  l)ar  E  from  4'  to  4"  »»u  tlic  patterns,  as  will  be  e.xplaineil  as  we 
proceed. 

The  first  step  is  to  j)repare  the  triangle.^  from  which  the  lengths 
of  the  common  and  jack  bars  arc  ol)taiMcd,  also  the  lengths  of  Uie  hip 
bars.  After  the  drawings  and  j)attcrns  have  been  laid  out  full  size 
according  to  the  j)rincij)lcs  explained  in  Fig.  ITS,  take  a  tracing  of  the 
triangle  in  the  half  section  1 )  < "  4'  and  place  it  as  shown  by  A  12  ( ).  in 
Fig.  1.S4.  Divide  O  12,  which 
will  be  12  inches  in  full  size,  into 
(juarter.  half-inches,  and  inches, 
the  same  as  on  a  2-foot  rule,  as 
shown  by  the  lig\ires  ()  to  12. 
I'Vuiii  tliese  divisions  erect  lines 
imtil  they  intersect  the  j)itch  .\  (  ) 
which  cnnipletes  the  triangle  for 
obtaining  the  true  lengths  of  jack 
iind  conunon  bars  for  any  size  skylight.  In  similar  nninner  take 
tracing  nf  N  11  4'  in  the  diagonal  i-icvjitinn  in  Fig.  ITS  and 
place  it  a.s  shown  by  H  12  O  in  Fig.  IS.'>.  The  length  12  O  iJien 
becomes  the  base  of  the  triangle  for  the  hip  bar  in  a  skylight  whose 
Imse  of  the  triangle  for  tin-  niinmon  and  jack  iiars  measures  12  inchcsi 
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as  shown  in  Fig.  184,  the  heights  A  12  in  Fig.  184  and  B  12  in  Fig.  185 
being  equal  Now  divide  12  O  in  12  equal  spaces  which  will  represent 
inches  when  obtaining  the  measurements  for  the  hip  bar.  Divide 
each  of  the  parts  into  quarter-inches  as  shown.  From  these  devisions 
erect  lines  intersecting  the  hypothenuse  or  pitch  line  B  O  as  shown. 
To  explain  how  these  triangles  are  used  in  practice,  Figs.  186  and 
187  have  been  prepared,  showing  respectively  a  skylight  without  and 

with  a  ventilator  whose  curb 


5/e' 


16 


16"^ 


d' 


8'-0" 
Fig.  187. 


measures  4  ft.  x  8  ft.  Three 
rules  are  used  in  connection 
with  the  triangles  in  Figs.  184 
and  185,  the  comprehension  of 
which  will  make  clear  all  that 
follows. 

Rule  1.  To  obtain  the 
length  of  the  ridge  bar  in  a 
.skylight  without  a  ventilator,  as  in  Fig.  186,  deduct  the  short  side 
of  the  frame  or  curb  from  the  long  side. 

Example:  In  Fig.  186,  take  8  feet  (long  side  of  frame)—  4  feet 
(short  side  of  frame)  =  4  feet  (length  of  ridge  bar  a  b). 

Rule  2.  To  find  the  length  of  the  ventilator  in  a  skylight  deduct 
the  short  side  of  the  frame  from  the  long  side  and  add  the  width  of  the 
desired  ventilator  (in  this  case  4  inches,  as  shown  in  Fig.  187). 

Example:  In  Figure  187  take  8  feet  (long  side  of  frame)  -  4  feet 
(short  side  of  frame)  =  4  feet.  4  feet  +  4  inches  (width  of  inside 
ventilator)  =  4  feet  4  inches,  (length  of  inside  ventilator  a'  h').  To 
find  the  size  of  the  outside  ventilator  h  I  and  hood  m  p  in  Fig.  178 
simply  add  twice  the  distance  a  b  and  a  c  respectively  to  the  above  size, 
4  inches,  and  4  feet  4  inches,  which  will  give  the  widths  and  lengths  of 
the  outside  vent  and  hood. 

Rule  3.  To  find  the  lengths  of  either  common  or  hip  bar  (in  any 
size  skylight)  deduct  the  width  of  the  ventilator,  if  any,  from  the  length 
of  the  shortest  side  of  frame  and  divide  the  remainder  by  two.  Apply 
the  length  thus  obtained  on  the  base  line  of  its  respective  triangle  for 
common  or  hip  bars  and  determine  the  true  lengths  of  the  desired  bars, 
from  the  hypothenuse. 

Example:  As  no  ventilator  is  shown  in  Fig.  186,  there  will  be 
nothing  to  deduct  for  it,  and  the  operation  is  as  follows:     4  feet  (short- 
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est  sitlf  uf  frame)  -h  2  -=  2  feet.  We  have  now  the  leiij^th  with  which 
to  priH-etMl  ti)  the  tTian»;Ie  fi»r  finniiioii  ami  hip  hars.  Thus  the  leiijjtii 
of  the  et)iniiioii  har  c  d  will  he  eqlial  to  twice  tlie  atiioiiiit  of  A  (  )  ill  \'\y[,. 
1S4,  while  the  leiifjth  of  the  hi|>  har  h  r  in  Fig.  iSJj,  will  l)e  e<|Ual  to  twice 
the  amount  of  B  ()  in  Kij;.  IS.').  Ueferrinf;  to  Fif,'s.  iSfi  and  isTthc 
jack  bars  /  j  are  spaceil  ](>  inches,  therefore,  the  length  of  the  jack  har 
for  12  inches  will  etjual  A  ()  in  Fig.  1S4,  ami  4  inches  e(|ual  to  4°  O; 
both  of  which  are  adde*!  together  for  the  full  length. 

The  lengths  of  the  common  and  hip  bars  will  be  shorter  in  Fig. 
1S7  because  a  ventilator  has  been  use<l,  while  in  Fig.  lS(i  a  ridge  bar 
was  employe*!.  To  obtain  the  lengths  of  the  common  and  hip  bars  in 
Fig.  1S7  u.se  Rule  3:  4S  inches  (length  of  short  side)  — 4  inches  iwidtii 
of  inside  ventilator)  =-  44  inches;  and  44  inches  -h  2  -  22  inches  or 
1  fiM)t  10  inches.  Then  the  length  of  the  common  bar  c'  d'  measure*  1 
with  a  rule  will  be  e<jual  to  A  ()  in  Fig.  1S4  and  10°  ()  atlded  together, 
and  the  lengtli  of  the  hip  l)ar  r'  f  in  Fig.  Is7  will  be  e<|ual  to  H  O  in  Fig. 
IS.")  and  lO^'Oaddeil  together.  I'se  the  same  method  where  fraction- 
al j)arts  of  an  inch  occur.  In  laying  out  the  patterns 
according  to  the."^e  measurements  use  the  cuts  shown  ^ 
in   Figs.  17S,  179,  ISO,   and    ISl,  being  careful  to        \  \ 

measure  from  the  arrowpoints  shown  on  eadi  pattern.  Xx^ 

It  will  be  noticed  in  Fig.  17S  we  always  meas-         ^^ 

ure  (»n   line  4  in  the  patterns  for  the  hip,  common,  i'*' 

and  jack  bars.     This  is  done  because  the  line  4  in 

tlie  profiles  K  and  F*  come  (lirectly  on  the  slant  line  1>^'I 

of  the  triangles  which  were  traced   to  Figs.  1st  and  j^"^' 

IS.')  and  from  which  the  true  lengths  were  (il>tiiiii«<l.  ' ,  i  •  |, 

Where  a  curb  might  be  used,  as  shown  in  Fig.  Iss, 

which    would    bring   the   bottom    line   of   tlu'   bar   \\ 

iiiclies  toward  the  inside  of  the  frame  /<,  all   around,  then   iiist«'a«l   of 

using  the  size  of  4  x  S  feet  its  the  basis  of  ineasurenu-nts  ile«luct  il 

indies  on  each  side,   making  the  basis  of  measuremeiMs  '.\   ft.  '.•  inches 

X  7  ft.  !>  inclies,  and  iiroceed  as  eviilaiiied  alM»v«'. 
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ROOFING 

A  good  metal  covering  on  a  roof  is  as  important  as  a  good  foun- 
dation. There  are  various  materials  used  for  this  purpose  such  as  terne 
plate  or  what  is  commonly  called  roofing  tin.  The  rigid  body,  or  the 
base  of  roofing  tin,  consists  of  thin  sheets  of  steel  (black  plates)  that 
are  coated  with  an  alloy  of  tin  and  lead.  "Where  a  first-class  job  is 
desired  soft  and  cold  rolled  copper  should  be  used.  The  soft  copper 
is  generally  used  for  cap  flashing  and  allows  itself  to  be  dressed  down 
well  after  the  base  flashing  is  in  position.  The  cold-rolled  or  hard  cop- 
per is  used  for  the  roof  coverings.  In  some  cases  galvanized  sheet  iron 
or  steel  is  employed.  No  matter  whether  tin,  galvanized  iron,  or 
copper  is  employed  the  method  of  construction  is  the  same,  and  will 
be  explained  as  we  proceed. 

Another  form  of  roofing  is  known  as  corrugated  iron  roofing, 
which  consists  of  black  or  galvanized  sheets,  corrugated  so  as  to  secure 
strength  and  stiffness.  Roofs  having  less  than  one-third  pitch  should 
be  covered  by  what  is  known  as  flat-seam  roofing,  and  should  be  cover- 
ed (when  tin  or  copper  is  used)  with  sheets  10  x  14  inches  in  size  rather 
than  with  sheets  14  x  20  inches,  because  the  larger  number  of  seams 
stiffens  the  surface  and  prevents  the  rattling  of  the  tin  in  stormy 
weather.  Steep  roofs  should  be  covered  by  what  is  known  as  standing- 
seam  roofing  made  from  14"  x  20"  tin  or  from  20"  x  28".  Before  any 
metal  is  placed  on  a  roof  the  roofer  should  see  that  the  sheathing  beards 
are  well  seasoned,  dry  and  free  from  knots  and  nailed  close  together. 
Beforelayingthe  tin  plate  a  good  building  paper,  free  from  acid,  should 
be  laid  on  the  sheathing,or  the  tin  plate  should  be  painted  on  the  under- 
side before  laying.  Corrugated  iron  is  used  for  roofs  and  sides  of 
buildings.  It  is  usually  laid  directly  upon  the  purlins  in  roofs,  and 
held  in  place  by  means  of  clips  of  hoop  iron,  which  encircle  the  purlins 
and  are  riveted  to  the  corrugated  iron  about  12  inches  apart.  The 
method  of  constructing  flat  and  double-seam  roofing,  also  corrugated 
iron  coverings,  will  be  explained  as  we  proceed. 

TABLES 

The  following  tables  wall  prove  useful  in  figuring  the  quantity  of 
material  required  to  cover  a  given  number  of  square  feet. 
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Table  .>*hn\ving  quantity  of  H  \  20-inch  tin  rfquirtxl  to  cover  a  given 
number  of  .s<iuiiri'  ft<t  with  Jlat  rn-am  tin  niofing.  A  Mhctt  of  14  x  20  inches  with 
with  J-inch  edgt-s  measun  s,  wlien  eclgexl  or  folded,  13  x  19  inches  or  247 
.•*(|uarf  inches.  In  the  folhnving  all  fraeti«»nal  [wrt.s  of  a  sheet  are  c<iunt«l  a 
full  slH-et. 
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U)(M)  s(|uare  fe<t,  .')S:5  .-lieet.<. 
V  box  of  112  sheets  II  X  20  inehi'.-i  will  cover  approximately  l'.>2   .^^tjuare    foot. 

Example.  How  iiuicli  11  .x  20  iiicli  tin  with  j-inc-li  edges  i.s  re- 
(|iiire<l  to  cover  a  roof  20  feet  .\  si  h-vV.  Take  20  X  84  -  l.C.sO 
s(|uare  fe«'t. 

Referring  to  the  tal)le  for  Fhit  Seam  Roofing,  KMK)  .s(|iiare  fvt't  re<|uire 
'jS-'i  .sheets  and  (iSO  .sfjiiare  feet  re<|iiire  .i*.>7  .sheets,  making  a  total  of 
O.V()  .sheets. 

It  should  I)e  iiii<K'rstood  tliat  this  ainoimt  is  ligiirt-il  on  the  Imsis 
of  2 17  .sipiare  inches  in  an  edgecl  .sliret,  which  will  he  a  trille  le.ss  when 
the  .sheets  are  laiil  on  the  nwif. 

Example.  What  (|iiantity  of  20.x  2S-ineh  tin  will  he  reiiuireil  to 
lay  a  standing  .seam  roof,  measuring  ■'{"  feet  long  x  lo  ftn-t  in  widtli? 
Takr' .'{7  •  lo  1, (')<).')  s«|uare  feet,  or  1(1  .s»|iiare.s  and  <■).")  fi-et.  Refer- 
ring to  the  tahle  for  Standing  Seam  RiMjfmg,  1()  .s«|uares  retpiire  I 
Im»xc>  and  IS  .sheets,  and  Cu\  {vv\.  re<|uire  20  sheets,  making  a  total  of  \ 
lM)xes  and  JIS  .sliccLs. 
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STANDING-SEAM    ROOFING 

Table  showing  the  quantity  of  20  X  28-inch  tin  in  boxes,  and  sheets 

required  to  lay  any  given  standing-seam  roof. 


SQ.  FEET 

SHEETS 

1 
SQUARES 

SQ.  FEET 

BOXES 

SHEETS 

SQUARES 

BOXES 

SHEETS 

1 

1 

! 

6S 

1 

21 

35 

9 

77 

2 

1 

69 

21 

36 

9 

108 

3 

1 

70 

22 

37 

10 

37 

4 

2 

71 

32 

38 

10 

58 

5 

2 

72 

23 

39 

10 

89 

6 

2 

73 

22 

40 

11 

8 

7 

3 

74 

33 

41 

11 

39 

8 

3 

75 

23 

42 

11 

70 

9 

3 

76 

23 

43 

11 

101 

10 

4 

77 

24 

44 

13 

20 

U 

4 

78 

24 

45 

13 

51 

13 

4 

79 

24 

46 

13 

83 

13 

4 

80 

25 

47 

13 

1 

14 

5 

81 

35 

48 

13 

33 

15 

5 

83 

25 

49 

13 

63 

16 

5 

83 

25 

50 

13 

94 

17 

6 

84 

26 

61 

14 

13 

18 

6 

85 

26 

53 

14 

44 

19 

6 

86 

26 

53 

14 

75 

20 

7 

87 

27 

54 

14 

106 

21 

7 

88 

27 

55 

15 

25 

32 

7 

89 

27 

56 

15 

56 

23 

7 

90 

28 

.57 

15 

87 

24 

8 

91 

28 

58 

16 

6 

25 

8 

9i 

38 

59 

16 

37 

26 

8 

93 

38 

60 

16 

68 

27 

9 

94 

29 

61 

16 

99 

28 

9 

95 

29 

62 

17 

18 

29 

9 

i'6 

39 

63 

17 

49 

30 

10 

97 

30 

64 

17 

80 

31 

10 

98 

30 

65 

17 

111 

33 

10 

99 

30 

66 

18 

30 

33 

10 

100 

31 

67 

18 

61 

34 

11 

1 

31 

68 

18 

92 

35 

11 

3 

63 

69 

19 

11 

36 

11 

3 

93 

70 

19 

42 

37 

12 

4 

1 

71 

19 

73 

38 

12 

5 

I 

43 

73 

19 

104 

39 

12 

6 

1 

74 

73 

20 

23 

40 

13 

7 

1 

ia5 

74 

20 

54 

41 

13 

8 

2 

34 

75 

20 

85 

42 

13 

9 

2 

55 

76 

•21 

4 

43 

13 

10 

2 

86 

77 

21 

35 

44 

14 

11 

3 

5 

78 

21 

66 

45 

14 

12 

3 

36 

79 

21 

97 

4d 

14 

13 

3 

67 

80 

16 

47 

15 

14 

3 

98 

81 

23 

47 

48 

15 

15 

4 

17 

82 

2> 

78 

49 

15 

16 

4 

48 

83 

23 

109 

50 

16 

17 

4 

79 

84 

23 

28 

51 

16 

18 

4 

110 

85 

23 

59 

53 

16 

19 

.T 

29 

86 

23 

90 

53 

16 

20 

5 

60 

t7 

24 

9 

54 

17 

21 

5 

91 

88 

24 

40 

65 

17 

22 

6 

10 

89 

24 

71 

56 

17 

23 

6 

41 

90 

24 

102 

57 

18 

24 

6 

73 

91 

25 

21 

58 

18 

35 

6 

103 

93 

35 

53 

59 

18 

36 

7 

23 

93 

35 

83 

60 

19 

27 

7 

53 

94 

26 

2 

61 

19 

28 

7 

84 

95 

26 

33 

62 

19 

29 

8 

3 

96 

26 

64 

63 

19 

30 

8 

34 

97 

26 

95 

64 

20 

31 

8 

65 

98 

27 

14 

65 

20 

33 

8 

96 

99 

27 

45 

66 

20 

33 

9 

15 

100 

27 

76 

67 

21 

1 

34 

9 

46 

Size  of  sheet  before  working,  20  X  28  inches. 
Square  inches  per  sheet  exposed  479}  inches. 


Expo.sed  on  roof  27Xl7f  inches. 
Sheets  per  box  112. 
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NET  WKltJllT   FKK    BOX  TIN   I'l.ATKS 

H.i-i~    1  I        JO.   IIJ 


Trade  term 
Welsbt  per  box.  lb. 


Z   14 

X  20 


IIH  X  i3 


12 
X  M 

X   \3 

X  i« 

X  14 
X  38 
X  15 
X  l« 
X  17 
X  18 
X  10 
X  SO 
X  31 


■a      X  23 
••'4       X  21 
2rt      X  -M 
Irt      X  20 
14       X  31 
1 1  'r  X  SiVi 
13^   X   17*i 
131^  X   \9'i 
U%   X   19H 
I3S   X   10K 
14       X   18K 
14       X   19^ 
14       X  31 
14       X  22 

X  z:%i 


1AM  X  33 


Sheets 
per  box 


235 
112 
112 
225 
225 
225 


325 
113 
225 
112 
225 
225 
225 
112 
113 
112 
113 
112 
112 
112 
112 
112 
113 
113 
113 
112 
112 
112 
124 
120 
112 
112 
ll-J 
IIJ 


85 
85 
170 
121 
147 
111! 
87 
87 
1113 
103 
119 
119 
137 
l.Vi 
175 
98 
110 
121 
134 
147 
161 
175 
2(16 
97 
133 
78 
71 


90 

"    1 

00 

06 

90 

96 

IHO 

190 

129 

i:<6 

IM 

KM 

170 

179 

93 

98 

93 

98 

109 

115 

109 

115 

136 

133 

126 

133 

U5 

153 

Ia5 

174 

184) 

190 

104 

110 

116 

123 

129 

136 

142 

150 

156 

1154 

1  170 

179 

185 

196 

,  217 

229 

103 

109 

'    140 

147 

82 

87 

76 

80 

83 

87 

ff, 

89 

86 

90 

93 

98 

93 

98 

95 

100 

09 

105 

100 

106 

115 

131 

107  I  I2><  !  IS5    IS6  I  ITS 


100 
1011 
3110 
143 
173 
189 
103 
103 
121 
131 
140 
140 
161 
1K3 
306 
116 
129 
143 
158 
172 
189 
204 
341 
114 
155 
91 
81 
91 
94 
95 
103 
103 
105 
110 
111 
127 


107 
107 
214 
153 
184 
2112 
110 
110 
129 
129 
150 
160 
173 
196 
321 
124 

i:« 

153 
ll» 
181 
202 
230 
258 
122 


lUU 
103 
110 
110 
113 
118 
119 
130 


1  .■ 
l.M 
154 
179 
179 
206 
2:»4 
3A4 
148 
165 
|K3 
203 
221 
242 
363 
309 


l!*l 

163 
1H9 
lh9 
217 
317 
279 
15*1 


3;« 

255 

378 
826 


187 
217 
217 
249 
283 
320 
179 
200 


31U 
374 


178 


211 
211 
345 
245 
381 
330 
361 
Jir3 
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sTAXDM'j)  \vi:i(;irrs  and  (iatges  of  tin  plates 


W.ltjl.l,  N.iu.ir.'  f....t.  lli. 
WelKht.  box.  14x20.  lb 


ISB 


106 
\Vf> 

30U 

tn 

337 
868 

3UI 
•All 
835 
835 

S78 
373 
813 

887 
4ns 

22'. 
251 


401 

471 


1 1 

.N- 

.ll-  ^' 

^\iv    H^IUH"  .N" 

:t  1 

\v 

•iKht. 

H<|iiar<'  f'loi,  11) 

191 

\v 

'Ik'ht. 

Ih.x.  HxJ).  11). 

lo; 

\  1 

1  \  \ 

.XX 

IXXSX 

IZXXXX 

-.'M 

■.> 

26 

3*1 

84 

.5n8 

.610 

.713 

8in 

H<A 

.B(r 

128 

136 

IM 

175 

196 

915 

lilkPk  olaie«  before  rnatlns 

wi'lk'hi  {XT  lis  Nhoetii 


It.  lb. 

06U<IOO  1UUIO3U0 


I'Ai.iiao  2Mi.>aiu 


Whfli  ronti'il  lh«  plnten 
wnl^h  l>rr  113  iihr<>l-i 


115  lo  I'.ii  2:)o  lo'Jtii 


IIAlolM  aooioaoD 
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OTHER  FORMS  OF  METAL  ROOFING 

There  is  another  form  of  roofing  known  as  metal  slates  and  shin- 
gles, pressed  in  various  geometrical  designs  with  water-tight  lock  attach- 
ments so  that  no  solder  is  required  in 
laying  the  roof.  Fig.  189  shows  the 
general  shape  of  these  metal  shingles 
which  are  made  from  tin,  galvanized 
iron,  and  copper,  the  dots  a  a  a  a 
representing  the  holes  for  nailing  to 
the  wood  sheathing.  In  Fig.  190,  A 
represents  the  side  lock,  showing  the 
first  operation  in  laying  the  metal  slate 
or  shingle  on  a  roof,  a  representing  the 
nail.  B,  in  the  same  figure,  shows  the 
metal  slate  or  shingle  in  position  cover- 
ing the  nail  b,  the  valley  c  of  the  bottom 
^^S-  189.  giate  allowing  the  water,   if    any,  to 

flow  over  the  next  lower  slate  as  in  A  in  Fig.  189. 

In  Fig.  191  is  shown  the  bottom  slate  A  covered  by  the  top  slate  B, 
the  ridges  a  a  a  keeping  the  water  from 
backing  up.  Fig.  192  shows  the  style  of 
roof  on  which  these  shingles  are  employed, 
that  is,  on  steep  roofs.  Note  the  con- 
struction of  the  ridge  roll,  A  and  B  in 
Fig.  192,  which  is  first  nailed  in  position 
at  o  a  etc.,  after  which  the  shingles  B  are 
slipped  under  the  lock  c.  Fig.  193  shows 
a  roll  hip  covering  which  is  laid  from  the 
top  downward,  the  lower  end  of  the  hip  having  a  projection  piece  for 
nailing  at  a,  over  which  the  top  end  of  the  next  piece  is  inserted,  thus 


SHEATHING     BOARD 


SHEATHING    BOARD 

Fig.  190. 


Fig.  191. 

covering  and  concealing  the  nails.  Fig.  194  represents  a  perspective 
view  of  a  valley  with  metal  slates,  showing  how  the  slates  A  are 
locked  to  the  fold  in  the  valley  B .     There  are  many  other  forms  of 
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metal  sliingles,  hut   the  shapes   shown   herewitli  art*   known  a-s    die 
Cortri^ht  pati-nts. 

TOOLS  RlIQl  Iki:i) 
Fig.  195  shows  the  various  hantl  tools  rtH|uire«l  hy  the  metal  ro<jf- 
cr;  startini;  at  the  left  we  have  the  soltlering  fop|)er,  mallet,  scraj>er, 


Fig.  192. 


^^hii 


stretch-awl,  shears,  hamiuer,  and  dividers.     In  adtlition  to  these  hand 
tools  a  notching  machine  is  required  fi>r  luttliiL'  olF  the  corners  of  tlie 


w 


b^ 


liK.  l'.t:5. 

sheets,  and  r(M)fing  folders  are  re- 
quired for  edging  the  sheets  in  llat- 
seam  roofing,  and  hand  douhle  seamer 
and  nxiHng  tongs  for  stamling-senm 
roofing.  The  roofing  douhle  seamer 
and  s(|uee/.ing  tongs  can  he  use»l  for 
standing-seam  nM>fing  (in  ]>la(v  of  the 
hand  douhle  seamer),  wliich  allow  the 
operator  to  stand  in  an  upriglit  jMtsition  if  tin-  roof  is  not  to«>  steep. 

roof:    MIINSl  ration 

NMiilc  some  mechanics   understand   tlioroughly  tlie  mctliodi  of 


I'JK.  191. 
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laying  the  various  kinds  of  roofing,  there  are  some,  however,  who  do 
not  understand  how  to  figure  from  architects'  or  scale  drawings  the 
amount  of  material  required  to  cover  a  given  surface  in  a  flat,  irregular 
shaped,  or  hipped  roof.    The  modern  house  with  its  gables  and  va- 


Fig.  195. 
rious  intersecting  roofs,  forming  hips  and  valleys,  render  it  necessary  to 
give  a  short  chapter  on  roof  measurement.  In  Figs.  196  to  198  in- 
clusive are  shown  respectively  the  plans  with  full  size  measurements 
for  a  flat,  irregular,and  intersected  hipped  roof,  showing  how  the  length 
of  the  hips  and  valleys  are  obtained  direct  from 
the  architects'  scale  drawings. 

The  illustrations  shown  herewith  are  not 
drawn  to  a  scale  as  architects'  drawings  will  be, 
but  the  measurements  on  the  diagrams  are  as- 
sumed, which  will  clearly  show  the  principles 
which  must  be  applied  when  figuring  from  scale 
drawings.  Assuming  that  the  plans  from  which 
we  are  figuring  are  drawn  to  a  quarter-inch  scale, 
then  when  measurements  are  taken,  every  quarter 
inch  represents  one  foot.  ^  inch  =  6  inches,  ^g 
inch  =  3  inches,  etc.  If  the  drawings  were  drawn  to  a  half-inch 
scale,  then  ^  inch  =12  inches,  j  inch  =  6  inches,  |  inch  =  3  inches, 
Y^5  inch  =  IJ  inches,  etc. 

A  B  C  D  in  Fig.  196  represents  a  flat  roof  with  a  shaft  at  one  side 
as  shown  hy  ab  c  d.  In  a  roof  of  this  kind  we  will  figure  it  as  if  there 
was  no  air  shaft  at  all.  Thus  64  feet  X  42  feet  =  2,688  square  feet. 
The  shaft  is  12.5  X  6  feet  =  75  square  feet;  then  2,688  feet  —  75  feet  =• 
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2,*>l.'i  s«iiiare  fct-t  of  nmiiii^.  Id  whicli  iiiu.-.t  1»«'  a«i(le«l  uii  allowance  for 
tlie  fla^sliiiij;  turning  up  against  and  into  tlif  \\  alls  at  the  siilc-s. 

In  Fig.  107  is  shown  a  flat  roof  with  a  shaft  at  earh  side,  one  shaft 
Iwing   irregular,   forming  an   irregular  sha|)e«l       ^  ^ 

roof.  The  rule  for  obtaining  the  area  is  sim- 
ilar to  that  usetl  for  Fig.  10<)  with  the  exception 
that  the  area  of  the  irregular  shaft  x  x  x  x  in 
Fig.  l'.)7  is  deterininetl  dilFerently  to  that  of  the 
shaft  bcde.  Thus  A  BCD  =  lOS  feet  X  4.') 
feet  =  4,S<iO  s(juare  feet.  Find  the  area  of  h  c 
d  c  wiiich  is  0.2.'^  •  30..-)  -  .3G5.37.'j  or  3(Mg 
stjuare  feet.  To  find  the  area  of  the  irregular 
sliaft,  bisect  xx  and  .jm-  and  obtain  a  a, 
measure  the  length  of  a  a  which  is  4S  feet,  and 
multiply  by  0.  Thus  4S  X  0=  412,  and  412 
+  365.375  =  777.375.  The  entire  roof  mimis 
tlie  :ihafts  =  4,N()0  scpiare  feet  —  777.375  = 
4,082.625  .square  feet  of  surface  in  Fig.  107.  ^^'k-  '■'''• 

In  Fig.  lOS  is  sliown  the  plan,  front,  and  side  elevations  of  an  in- 
tersected hip[)ed  roof.     .\  H  C  1 )  represents  the  plan  of  the  main  build- 

:*  o  ^. 


c    b    .' 


9-3 


A5'-0"- 


ing  iiitersrcted  iiy  the  \\ing  I''  V  <i  11.     W r  will  first  figure  the  nuiin 
roof  tus  if  tliere  were  no  wing  attaclntl  ;nid  dien  dt\hict  the  space  taken 
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up  by  the  intersection  of  the  wing.  "While  it  may  appear  difficult  to 
some  to  figure  the  quantities  in  a  hipped  roof,  it  is  very  simple,  if  the 
rule  is  understood.  As  the  pitch  of  the  roof  is  equal  on  four  sides  the 
length  of  the  rafter  shown  from  O  to  N  in  front  elevation  represents 
the  true  length  of  the  pitch  on  each  side.  The  length  of  the  building 
at  the  eave  is  90  feet  and  the  length  of  the  ridge  48  feet.  Take 
90  -  48  =  42,  and  42  ^  2  =  21.  Now  either  add  21  to  the  length  of  the 
edge  or  deduct  21  from  the  length  of  the  eave,  which  gives  69  feet  as 
shown  from  S  to  T.  The  length  of  the  eave  at  the  end  is  42  feet  and 
it  runs  to  an  apex  at  J.  Then  take  42  feet  -^  2  =  21,  as  shown  from  T 
to  U.  If  desired  the  hip  lines  A  I,  J  B  and  J  C  can  be  bisected,  obtain- 
ing respectively  the  points  S,  T,  and  U,  which  when  measured  will  be 
of  similar  sizes;  69  feet  and  21  feet.  As  the  length  of  the  rafter  O  N 
is  30  feet,  then  multiply  as  follows:  69  X  30  =  2070.  21  X  30  =  630. 
Then  630  +  2,070  =  2,700,  and  multiplying  by  2  (for  opposite  sides) 
gives  5,400  square  feet  or  54  squares  of  roofing  for  the  main  building. 
From  this  amount  deduct  the  intersection  E  L  F  in  the  plan  as  follows: 

The  width  of  the  wing  is  24  feet  6  inches  and  it  intersects  the  main 
roof  as  shown  at  E  L  F.  Bisect  E  L  and  L  F  and  obtain  points  W  and 
V,  which  when  measured  will  be  12  feet  3  inches  or  one  half  of  HG, 
24  feet  6  inches.  The  wing  intersects  the  main  roof  from  Y  to  F*  in  the 
side  elevation,  a  distance  of  18  feet.  Then  take  18  X  12.25  =  220.5. 
Deduct  220.5  from  5400  =  5,179.5.  The  wing  measures  33  feet  6 
inches  at  the  ridge  L  M,  and  21  feet  6  inches  at  the  eave  F  G,  thus 
making  the  distance  fi'om  V  to  X  =  27  feet  6  inches.  The  length  of 
the  rafter  of  the  wing  is  shown  in  front  elevation  by  P  R,  and  is  18  feet. 
Then  18  X  27.5  =  495,  and  multiplying  by  2  (for  opposite  side),  gives 
995  sq.  ft.  in  the  wing.  We  then  have  a  roofing  area  of  5,179.5  square 
feet  in  the  main  roof  and  995  square  feet  in  the  wing,  making  a  total  of 
6,174.5  square  feet  in  the  plan  shown  in  Fig.  198. 

If  it  is  desired  to  know  the  quantity  of  ridge,  hips,  and  valleys  in 
the  roof,  the  following  method  is  used.  The  ridge  can  be  taken  from 
the  plans  by  adding  48'  +  33'6"  =  81'  -  6".  For  the  true  length  of 
the  hip  I  D  in  the  plan,  drop  a  vertical  line  from  P  in  the  front  elevation 
until  it  intersects  the  eave  line  1°.  On  the  eave  line  extended,  place  the 
distance  I  D  in  the  plan  as  shown  from  1°  to  D°  and  draw  a  line  from 
D°  to  I^  which  will  be  the  true  length  of  the  hip  I D  in  the  plan.  Multi- 
ply this  length  by  4,  which  will  give  the  amount  of  ridge  capping  re- 
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([iiirttl.  Tlii.s  length  of  hip  cim  iilst)  Ik-  i>btaiiie<l  from  Uie  plan  by  tak- 
ing the  vertical  heiglit  of  the  roof  P  I'  in  the  elevation  and  placing  it  at 
right  angles  to  I  D  in  the  plan,  as  shown,  from  I  to  P,  and  draw  a  line 
from  I"  to  D  which  is  the  desired  length. 

For  tlie  length  of  the  valley  T^  F  in  tlie  plan,  drop  a  vertical  line 
from  F'  in  the  side  elevation  until  it  intersects  tlie  eave  line  at  F°. 
Take  the  distance  F  L  in  the  plan  and  place  it  as  sliown  fronj  F°  to  L°, 
and  draw  a  line  from  T^°  to  F',  which  is  the  true  length  of  tlie  valley 
shown  by  L  F  in  the  plan.  Multiply  this  length  by  2,  which  will  give 
the  reijuiretl  numlxir  of  feet  of  valley  re([uire<l.  This  length  of  valley 
can  also  l)e  obtaine<l  from  the  [)lan  by  taking  the  vertical  height  of  tlie 
roof  of  the  wing,  shown  by  l""^  F'  in  the  side  elevation,  and  placing  it  at 
right  angles  to  F  L  in  the  plan,  from  T.  to  P,  and  draw  a  line  from  P 
to  F  wliich  is  the  (le-;ire<l  length  similar  to  F'  L°  in  the  side  elevation. 

FLAT-SEAM  ROOFING 
The  first   step  necessary  in  preparing  the  ])lates  for  flat  seam 
roofing  is  to  notch  or  cut  off  the  four  corners  of  the  plate  as  shown  in 
Fig.  190  which  .shows  the  plate  as  it  is  taken  from  the  lx)X,  the  shaded 
corners  a  a  a  a  re[)resenting   the  corners  which   are       ^ 
notcheil  on   the  notching  machine  or  with  tlie  shears.    » 
Care  mu.st  be  taken  when  cutting  off  the.se  corners  not 
to  cut  ofT  too  little  otherwise  tlie  sheets  will  not  edge 
well,  and  not  to  cut  off  too  much,  otherwise  a  hole  will 
show  at  the  corners  when  the  .sheets  are  laid.     To  find 
the  correct  amount  to  be  cut  off  proceetl  us  follows:        '*'■ 

.\ssuming  that  a  J-inch  edge  is  desired,  set  the  dividers  at  \  inch 
and  .scribe  the  lines  b  a  and  a  c  on  the  .sheet  .shown  in  Fig,  199,  and, 
where  tlie  lines  intersect  at  a.  draw  tiie  liner/ «•  at  an  angle  of  45  degrees, 
which  represents  the  true  amount  and  true  angle  Ut  Ik? 
cut  off  on  each  corner.  After  all  the  sheets  have  been 
notchetl,  they  are  etlged  as  shown  in  Fig.  2(X),  tlie  long 
sides  of  the  sheet  being  bent  right  an«l  left,  jls  shown  at 
a,  while  the  short  sitle  is  bent  a.s  .shown  at  b,  making 
the  notched  corner  aj)pear  lus  at  r.  In  some  ciises 
after  the  sheets  are  edgt\l  the  contract  re<]uiri!S  tliat  the 
shiH'ts  U;  piunted  on  the  underside  before  laying.  This  is  usuallv 
done  with  a  small  bru.sli.  being  careful  that  tlie  etlge-s  of  the  sheets 
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are  not  soiled  with  paint,  which  would  interfere  with  soldering.  Be- 
fore laying  the  sheets  the  roof  boards  are  sometimes  covered  with  an 
oil  or  rosin-sized  paoer  to  prevent  the  moisture  or  fumes  from  below 
from  rusting  the  tin  on  the  underside.  As  before  mentioned,  the  same 
method  used  for  laying  tin  roofing  would  be  applicable  for  laying 
copper  roofing,  with  the  exception  that  the  copper  sheets  would 
have  to  be  tinned  about  1^  inches  around  the  edges  of  the  sheets 
after  they  are  notched,  and  before  they  are  edged. 

In  Fig.  201  is  shown  how  a  tin  roof  is  started  and  the  sheets  laid 
when  a  gutter  is  used  at  the  eaves  with  a  fire  wall  at  the  side.     A  repre- 


Fig.  201. 

sents  a  galvanized  iron  gutter  with  a  portion  of  it  lapping  on  the  roof, 
with  a  lock  at  C.  In  hanging  the  gutter  it  is  flashed  against  the  fire 
wall  at  J;  after  which  the  base  flashing  D  D  is  put  in  position,  flashing 
out  on  the  roof  at  E,  with  a  lock  at  F.  Wliere  the  base  flashing  E 
miters  with  the  flange  of  the  gutter  B  it  is  joined  as  shown  at  b,  allowing 
the  flange  E  of  the  base  flashing  as  shown  by  the  dotted  line  a.  As  the 
water  discharges  at  G,  the  sheets  are  laid  in  the  direction  of  the  arrow 
H,  placing  the  nails  at  least  G  inches  apart,  always  starting  to  nail  at 
the  butt  e  e,  etc.  Care  should  be  taken  when  nailing  that  the  nail  heads 
are  well  covered  by  the  edges,  as  shown  in  W,  by  a.  Over  the  base 
flashing  D  D  J  the  cap  flashing  L  »s  placed,  allowing  it  to  go  into  the 
wall  as  at  O. 
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Wluii  putting  ill  hiLse  Hasliiiigs  tliere  are  two  inetluuls  eiiiitloyed. 
Ill  Fig.  202  is  sliown  u  siile  ihtshirig  ht'tweeii  the  riH)f  iiiul  parupel  wall. 
A  MiDWS  the  flasliing  turning  nut  «)ii  tlit- roof  at  H,  with  a  lock  (\  attacli- 
e«l  and  flashed  into  the  wall  four  courses  of  Itrick  al>ove  the  rcH)f  line, 
lus  sliown    at  D,  where  wall  h«)oks   and  ^^--X 

paintskiii-s  «>r  roofer's  eenient  are  usetl  to  ^ 

make  a  tight  joint.  Flashings  of  this 
kind  should  always  be  painted  on  the 
underside,  an<l  j)aj)er  should  he  placetl 
between  the  hrick  work  and  metal,  he- 
cause  the  moisture  in  the  wall  is  apt  to 
rust  the  tin.  Tliis  method  of  putting  in 
flashing  is  not  advisalde  in  new  work, 
because  when  the  building  is  new,  the  walls  and  beams  arc  liable 
to  settle  and  when  this  occurs  the  flange  D  tears  out  of  the  wall,  ami  tlie 
result  is  disjigreeable  leaks  that  stain  the  walls.  When  a  new  roof  is 
to  be  placed  on  an  old  building  wliere  the  walls  and  copings  are  in 
place  and  the  brick  work  and  beams  have  settled,  there  is  not  so  much 
danger  of  leakage. 

The  proj)er  metliod  of  putting  in  flashings  and  one  which  allows 
for  the  expansion  and  c-ontraction  of  the  metal  and  the  settlement  of  tlie 
liuilding  is  shown  in  Fig.   203,  in  which  A  shows  the  cap  flashings, 
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painted  with  two  ctiats  of  paint  befor*-  using.  When  the  mjLS4)n  has 
built  his  wall  up  to  four  courses  of  brick  alM)ve  the  roof  line  the  cap 
flitshing  A  is  j)laced  in  jM)sition  and  the  wall  and  coping  finislutl;  the 
bji.se  fhushing  H  is  then  slipped  under  the  cap  A.  In  praclicj*  the  cap 
llashing  is  cut  7  inches,  tlu-n  bent  at  right  angles  through  the  i-enter. 
making  each  .side  a  and  h  '\\  inch-'s.  The  bas«'  Hashing  H  is  th«>n 
,lip|ird  luider  the  cu|)  flashing'  A  a.'^  sliown  nt  ('. 
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VALLEY   SHEET 
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Fig.  205. 


Wliere  the  cost  is  not  considered  and  a  good  job  is  desired,  it  is 
better  to  use  sheet  lead  cap  flashings  in  place  of  tin.  They  last  longer, 
do  not  rust,  and  can  be  dressed  down  well  to  lay  tight  onto  the  base 
flashings.  Into  the  lock  C  the  sheets  are  attached.  After  the  sheets 
are  laid  the  seams  are  flattened  down  well  by  means  of  a  heavy  mallet, 
with  slightly  convex  faces,  after  which  the  roof 
is  ready  for  soldering.  When  a  base  flashing 
is  required  on  a  roof  which  abuts  against  a  wall 
composed  of  clap  boards  or  shingles  as  shown 
in  Fig.  204,  then,  after  the  last  course  of  tin  A 
has  been  laid,  the  flashing  B  with  the  lock  a  is 
locked  into  the  course  A  and  extends  the  required  distance  under  the 
boards  D.  The  flashing  should  always  be  painted  and  allowed  to  dry 
before  it  is  placed  in  position.  In  the  previous  figures  it  was  shown 
how  the  sheets  are  edged,  both  sides  being  edged  right  and  left.  In 
Fig.  205  is  shown  what  is  known 
as  a  valley  sheet,  where  the  short 
sides  are  edged  both  one  way,  as 
shown  at  a  a,  and  the  long  sides 
right  and  left  as  shown  at  bb. 
Sheets  of  this  kind  are  used  when 
the  water  runs  together  from  two 
directions  as  shown  by  A  in  Fig. 
206.  By  having  the  locks  a  and  a  turned  one  way  the  roof  is  laid  in 
both  directions. 

Fig.  207  shows  a  part  plan  of  a  roof  and  chimney  A,  around  which 
the  flashing  B  C  D  E  is  to  be  placed,  and  explains  how  the  corners  C 

and  D  are  double  seamed, 
whether  on  a  chimney, 
bulkhead,  or  any  other  ob- 
ject on  a  roof  when  the 
water  flows  in  the  direction 
of  the  arrow  F.  The  first 
operation  is  shown  at  a  and 
the  final  operation  at  b. 
Thus  it  will  be  seen  that  the  water  flows  past  the  seam  and  not  against 
it.  In  laying  flat  seam  roofing  especially  when  copper  is  used,  allow- 
ance must  be  made  for  the  expansion  and  contraction  of  the  sheets. 


Fig.  206. 


Fig.  207. 
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Care slioiiM  Ik*  taken  not  to  nail  «lirf(tly  tlinju^'h  tlic  sheet  as  is  shown 
in  W,  Fij,'.  201.  While  tiiis  niethoil  is  j,'enerally  employed  in  tin 
r(K>finij.  on  a  i^ood  joh,  as  well  jus  on  eopper  rooling,  cleats  as  shown  at 
I)  in  Fig.  20S  should  he  use«l. 

To  show  how  they  are  used,  .\  and  H  represent  two  locked-edged 
sheets.  The  lock  on  the  cleat  D  is  locked  into  the  eilge  of  tlie  sheets 
ami  nailed  intt)  the  roof  l)oards  at  a  h  c  ami  </,  ar  as  often  as  retjuired. 


Fig.  208. 
In  diis  manner  the  entire  roof  can  he  fastened  with  cleats  without 
having  a  nail  driven  into  tlie  sheets,  thereby  allowing  for  e.xpansion 
and  contraction  of  the  metal.  The  closer  these  cleats  are  placed,  tlie 
firmer  the  roof  will  he  and  the  better  the  .seams  will  hold.  By  using 
fewer  cleats,  time  may  he  .saved  in  laying  the  roof,  hut  double  this  time 
is  lost  when  s(jl(lering  the  seams,  for  the  heat  of  the  soldering  coj)per 


will  raise  the  seams,  causing  a  succession  of  buckles,  which  retard 
.soldering  and  re<|uire  10  |)«t  ct-iil  more  solder.  When  the  seams  arc 
nailed  or  cleated  close  it  lays  llat  and  smtwith  and  the  soldering  is  done 
with  eas«'  and  less  s«)lder. 

When  a  connection  is  to  be  made  between  metal  and  .stone  or 
terra  cottji,  the  method  shown  in  Fig.  JO*.)  is  employetl.  This  illus 
tration  shows  a  stone  or  terra-<<)tta  cornice  .\.     The  heavy  line  abed 
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represents  the  gutter  lining,  which  is  usually  made  from  20-oz.  cold- 
rolled  copper.  If  the  cornice  A  is  of  stone,  the  stone  cutter  cuts  a 
raggle  into  the  top  of  the  cornice  A  as  at  B,  dove-tail  in  shape,  after 
which  the  lining  abed  is  put  in  position  as  shown.  Then,  being  care- 
ful that  there  is  no  water  or  moisture  in  tlie  raggle  B,  molten  lead  is 
poured  into  the  raggle  and  after  it  is  cooled  it  is  dressed  down  well  with 
the  caulking  chisel  and  hammer. 

By  having  the  dove-tail  cut,  the  lead  is  secured  firmly  in  position, 
holding  down  the  edge  of  the  lining  and  making  a  tight  joint.  Should 
the  cornice  be  of  terra  cotta  this  raggle  is  cut  into  the  clay  before  it  is 
baked  in  the  ovens.     This  method  of  making  connection  between 


Fig.  210. 

metal  and  stone  is  the  same  no  matter  whether  a  gutter  or  upright  wall 
is  to  be  flashed.  When  a  flashing  between  a  stone  wall  and  roof  is  to 
be  made  tight,  then  instead  of  using  molten  lead,  cakes  of  lead  are  cast 
in  molds  made  for  this  purpose,  about  12  inches  long,  and  these  are 
driven  into  the  raggle  B  as  shown  in  Fig.  209  at  X. 

The  most  important  step  in  roofing  is  the  soldering.  The  style  of 
soldering  copper  employed  is  shown  in  Fig.  210  and  weighs  at  least  8 
pounds  to  tlie  pair,  ^^^len  rosm  is  used  as  a  flux,  it  is  also  employed 
in  tinning  the  coppers,  but  when  acid  is  used  as  a  flux  for  soldering  zmc 
or  galvanized  iron,  salammoniac  is  used  for  tinning  the  coppers.  It 
will  be  noticed  that  the  soldering  coppers  are  forged  square  at  the  ends, 
and  have  a  groove  filed  in  one  side  as  shown  at  A.  When  the  copper 
is  turned  upward  the  groove  should  be  filed 
toward  the  lower  side  within  J  inch  from 
the  corner,  so  that  when  the  groove  is  placed 
upon  the  seam,  as  shown  in  Fig.  211,  it  acts 
^is  211.  as  a  guide  to  the  copperas   the  latter  is 

drawn  along  the  seam.  The  groove  a  being  in  the  position  shown, 
the  largest  heated  surface  b  rests  directly  on  the  seam,  "soaking" 
it  thoroughly  with  solder.  As  the  heat  draws  the  solder  between 
the  locks,  about  6  pounds  of  ^  and  ^  solder  are  required  for  100  square 
feet  of  surface  using  14  x  20-inch  tin  The  uw  of  acid  in  soldering 
seams  in  a  tin  roof  is  to  be  avoidHfl  as  acid  tximiag  m  contact  with  the 
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liare  etl^'e.s  uiul  L-«»nier3,  where  tUe  sheets  are  fo|e|e<l  and  seaiiittl  t<>- 
^'ether,  will  cause  rusting.  No  other  soldering  flux  but  go<jd  clean 
rosin  should  l>e  employe*!.  The  sinie  flux  (rosin)  should  l>e  used 
when  soldering  ct)pj)er  rc^»fing  whose  edges  have  previously  l>een 
tinned  with  rosin. 

We  will  ni  )w  consider  tlie  s(jldering  of  upright  seams.  The  solder- 
ing copjier  to  l)e  employe<l  for  this  pur[)ose  is  shaped  as  shown  in  Fig. 
'212.     It  is  forged  to  a  we<lge  shape,  alxnit  1  inch  wide  and  \  inch 
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thick  at  the  end,  and  is  tinned  on  one  .side  and  the  end  only;  if  tinned 
otherwise,  tlie  solder,  instead  of  remaining  on  the  tinned  side  when 
soldering,  would  flow  downward;  hy  having  the  soldering  c-opper  tin- 
iie<l  on  one  side  only,  tlie  remaining  sides  are  black  and  do  not  tend 
t )  draw  the  soUler  downward.  The  soldering  copjier  being  thus  pre- 
pared, tlie  upright  seam,  shown  in  Fig.  21.3,  where  the  sheet  B  overlaps 
die  sheet  A  1",  is  soldered  by  first  tacking  the  seam  to  make  it  lay  close, 
then  tlioroughly  soaking  the  seam, 
and  then  placing  ridges  of  solder 
across  it  to  strengthen  the  same 
In  using  the  soldering  copper  it 
should  be  held  in  the  |)osition 
shown  by  C,  whidi  allows  the  sol- 
der to  flow  forward  and  into  the 
seam,  while  if  the  wpper  were  held 
a.s  shown  by  D,  tlie  solder  would 
How  backward  and  away  from  the 
seam.  In  "soaking"  the  .seam  with 
S4)lder  tlie  cojtper  .should  be  placed 
directly  over  tlie  lappet!  part,  .so  that  the  metad  gets  tlioroiiglily 
heated  and  draws  tlie  .solder  between  tlie  joint.  It  makes  no  dilTer- 
etiM-  where  this  cross  joint  «><  curs;  tlie  same  methods  are  usct!. 

The  r<H)f  being  completed,  the  ro.siii  is  .scrape*!  olT  the  .seams  and 
tlieriMif  cl<*aiieil  am!  paiiite*!  with  giMtd  ir*)ii  oxide  and  liiisiv*!  *)il  paint, 
.'^ome  roofers  omit  tin*  scr'iping  of  rosi'i  niul  paint  dire<'tly  over  it. 
'V\\\s  13  the  cau.se  of  rusting  of  seams  which  sometimes  occurs.     If  the 


20.'< 


174 


SHEET   METAL  WORK 


paint  is  applied  to  the  rosin,  the  latter,  with  time,  will  crack,  and  the 
rain  will  soak  under  the  cracked  rosin  to  the  tin  surface.  Even  when 
the  surface  of  the  roof  is  dry,  by  raising  the  cracked  rosin,  moisturi' 
will  often  be  found  underneath,  which  naturally  tends  to  rust  the  plate 
more  and  more  with  each  storm.  If  the  rosin  is  removed,  the  entire 
tin  surface  is  protected  by  paint. 

One  of  the  most  difficult  jobs  in  flat-seams  roofing  is  that  of  cover- 
ing a  conical  tower.  As  the  roof  in  question  is  round  in  plan  and  taper- 
ing in  elevation,  it  is  necessary  to  know  the 
method  of  cutting  the  various  patterns  for  the 
sheets.  In  Fig.  214  ABC  shows  the  eleva- 
tion of  a  tower  to  be  covered  with  flat  seam 
roofing,  using  10  X  14-inch  tin  at  the  base.  As- 
suming that  the  tower  through  B  C  is  10  feet  6 
inches,  or  126  inches,  in  diameter,  the  circum- 
ference is  obtained  by  multiplying  12G  by 
3.141G  which  equals  395.8416,  or  say  396 
inches.  As  10  x  14-inch  plate  is  to  be  used  at 
the  base  of  the  tower  the  nearest  width  which 
can  be  employed,  and  which  will  divide  the 
space  into  equal  spaces,  is  13^  inches  without 
edges,  thus  dividing  the  circumference  in  30 
equal  spaces.  This  width  of  13g  inches  to- 
gether with  the  length  of  the  rafter  A  B  or  B  C 
in  elevation,  will  be  the  basis  from  which  all  the 
patterns  for  the  various  courses  will  be  laid  off. 
At  any  convenient  place  in  the  shop  or  at 
the  building,  stretch  a  piece  of  tar  felting  of 
the  requu-ed  length,  tacking  it  at  the  four  corners  with  nails  to 
keep  the  paper  from  moving.  Upon  the  center  of  the  felting  strike 
a  chalk  line  as  A  B  in  Fig.  215,  making  it  equal  to  the  length 
of  the  rafter  A  B  or  A  C  in  Fig.  214.  At  right  angles  to  A  B  in 
Fig.  215  at  either  side,  draw  the  lines  B  D  and  B  C  each  equal  to  6| 
inches,  being  one  half  of  the  13|^  above  referred  to.  From  the  points 
C  and  D  draw  lines  to  the  apex  A  (shown  broken).  x\s  the  widtli  of 
the  sheet  used  is  10  inches  and  as  we  assume  an  edge  of  f  inch  for 
each  side,  thus  leaving  9j  inches,  measure  on  the  vertical  line  A  B 
lengths  of  9|  inches  in  succession,  until  the  apex  A  is  reached,  leaving 


Fig.  214. 
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the  la.st  >li«Tt  at  llu-  top  tu  itmif  a.i  it  uia\.     'lluoujjli  llie  |>«tiiiL>  llui> 

Ml)ta'mi'<l  nil  A  H  ilraw  liiu's  |»araIU"l  to  ( "  1)  iiittTM-itiii;;  the  hues  A  (' 

ami  A  1>  :i>  -.Iidwii.     'I'heii  the  vari'Mis  .sha|n-s  marked  I  2  .'{  etc.  will 

lie    the  iiel    iiatteriis  fur  siiiiihirlv  lilliul>ere<l 

(■»)iir>e>.     'I'ake  tlie  shears  ant!  cut  nut  the 

jtatterns  on  the  felting  aiitl  nuuiher  tliem  a.s 

re<|uire<l. 

For  example,  take  the  pajjer  pattern 
No.  1,  place  it  «)n  a  sheet  of  tin  as  shown  in 
l"ig.  21<i,  and  allow  ^-iiicli  eilges  all  aroimd, 
an<l  notch  tiie  corners  A  H  ("  and  I).  Mark 
on  the  fill  pattern  "No.  1,  29  more",  as  .'^(J 
sheets  are  re<pnrtMl  to  go  around  the  tower, 
and  cut  29  more  for  course  Xo.  1.  Treat 
all  of  tlie  paper  patterns  from  No.  1  to  tlu- 
apex  in  similar  maimer.  Of  course  wher*- 
the  patterns  become  smaller  in  size  at  the 
top,  the  waste  from  other  patterns  can  he 
used. 

In   I'ig.    217  is   shown   how    the  sheets 

should    lie    edg<*il,  always    lieing   careful    to 

have  the  narrow  side  towards  the  top  with 

the  edge  toward  the  outside,  the  same  as  in 

flat   scam   roofing.     Lay    the   sheets   in    the 

usual  manner,  breaking  joints  as  in  general  ei  .  ' 

practice.     As    the    seams    are  not    soldered  ^ 

li;;.  _'l J. 
•  are  must   In-  taken   to  luck  the  e<lges  well. 

.\fter  the  entire  roof  is  laid  and  licfore  closing  the  seams  with  the  nuillet 

take  H   .snuill   brush  and 

paint  the  locks  with  thick 

white     lead,   tluMi     close 

with    the   mallet.      This 

will    nuike  a  water-tight 

job.       .\fter    (he    roof    is 


-.B 


PATTERN    FOR 
NO.  1 

20   MORE 


i 


E  DGED  SHEET ', 
FOR  COURSE 
NO.  1 


1  iK.  -'HI. 


Fig.  217. 

ctimplcted  the  liniid  l>  in  l''ig.  211  is  jiiit  in  jMisition. 

.\s  (he  nicdiod  u^ctl  frr  obtaining  the  patterns  for  the  various 
sheets  in  l*'ig.  2I.'»  is  based  U|Min  the  principle  us«h|  in  obtaining  the 
envelope  of  a  right  cone,  .some  student  nuiy  say  that  in  m'curnte  pat- 
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terns  the  line  from  C  to  D  and  all  following  lines  should  be  curved, 
as  if  struck  with  a  radius  from  the  center  A,  and  not  straight  as  shown. 
To  those  the  writer  would  say  that  the  curve  would  be  so  little  on  a 
small  pattern,  where  the  radius  is  so  long,  that  a  straight  line  answers 
the  purpose  just  as  well  in  all  practical  work;  for  it  would  amount  to 
considerable  labor  to  turn  edges  on  the  curved  cut  of  the  sheet,  and 
there  is  certainly  no  necessity  for  it. 

\\Tien  different  metals  are  to  be  connected  together,  as  for  instance 
tin  roofing  to  copper  flashing,  or  copper  tubes  to  galvanized  iron  gut- 
ters, or  zinc  flashings  in  connection  with  copper  linings,  care  must  be 
taken  to  have  the  copper  sheets  thoroughly  tinned  on  both  sides  where  it 
joins  to  the  galvanized  iron,  zinc,  or  other  metal,  to  avoid  any  electroly- 
sis between  the  two  metals.  It  is  a  fact  not  well  known  to  roofers 
that  if  we  take  a  glass  jar  and  fill  it  with  water  and  place  it  in  separate- 
ly, two  clean  strips,  one  of  zinc  and  the  other  of  copper,  and  connect  the 
two  witli  a  thin  copper  wire,  an  electrical  action  is  the  result,  and  if  the 

connection  remains  for  a  long  time 
(as  the  action  is  very  faint)  the  zinc 
would  be  destroyed,  because,  it  may 
be  said,  the  zinc  furnishes  the  fuel 
for  the  electrical  action,  the  same 
as  wood  furnishes  the  fuel  for  the 
fire.  Therefore,  if  the  copper  was 
not  tinned,  before  locking  into  the 
other  metal,  and  the  joint  became 
wet  with  rain,  the  coating  of  the 
metal  would  be  destroyed  by  the 
electrical  action  between  the  two  metals,  and  the  iron  would  rust 
tJirough. 

Wliile  the  roofer  is  seldom  called  upon  to  lay  out  patterns  for  any 
roofing  work  occasion  may  arise  that  a  roof  flashing  is  required  around 
a  pipe  passing  through  a  roof  of  any  pitch,  as  shown  in  Fig.  218,  in 
which  A  represents  a  smoke  or  vent  pipe  passing  through  the  roof  B  B, 
the  metal  roof  flashing  being  indicated  by  C  C.  If  the  roof  B  B  were 
level  the  opening  to  be  cut  into  the  flashing  C  C  would  simply  be  a 
true  circle  the  same  diameter  as  the  pipe  A.  But  where  the  roof 
pitches  the  opening  in  the  flashing  becomes  an  ellipse,  whose  minor 
axis  is  the  same  as  the  diameter  of  the  pipe,  and  whose  major  axis  is 


Fig.  218. 
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e(|ual  to  the  pitrli  u  h.  In  Fig.  L'lU  is  sliowii  liow  this  (»|>ciiing  is  ol>- 
tuineil  hy  the  use  of  u  few  nails,  a  string,  ami  a  |)en(il.  which  tlie  rfxjfer 
will  always  have  handy. 

First  tiraw  the  line  A  H  rej)re.senting  the  slunt  of  the  roof,  and 
then  make  the  pipe  of  the  desiretl  size  passing  through  thi.s  line  at  its 
proper   angle    to    the    roof 


iiie.  Ne.xt  draw  the  center 
ine  K  S  of  the  Jjipe.  as 
t  li  e   po  i  n  t 


shown.      ' '; 

where  this  line  intersects 
die  n>of  line,  I,  and  t  h  e 
points  where  I)  F  and  ("  F 
intersect  A  H.  (■  and  II  re- 
spectively. Through  I  draw 
K  L  at  right  angles  to  .\  H, 
making  K  I  and  I  L  each 
e«|nal  to  the  half  diameter 
of  the  pipe.  Having  estali- 
lished  the  minor  axis  K  L 
and  the  major  axis  (1  II, 
the  ellip.se  is  made  hy  tak- 
ing I  II,  or  half  the  major 
;ixis,  as  a  radius,  and  with 
L  as  a  center  strike  arcs  in- 
tersecting the  nuijor  axis,  at  pi)ints  M  and  N.  Drive  a  snuill  nail  iii 
each  of  these  two  j)oints  and  attach  a  string  to  the  nails  as  shown  by 
tin*  dotted  lines  K  M  N,  in  such  a  way  that  when  a  pencil  iK)int  is 
plai«-<l  in  the  string  it  will  n-ach  K.  .Move  the  pencil  along  tlie 
string,  keeping  it  taut  all  the  time  muil  the  ellipse  K  H  L  (i  is  ol>- 
tJiined.  Note  how  the  position  of  the  string  cliange>  wlicn  it  reache."" 
u,  then  /^  ct«'. 

SI  \\|)l\(i->r  \  N\  Iv'OOl  |\(i 
.\nother  form  of  metal  roohng  is  that  known  a.s  standing  strain, 
which  is  used  <»n  steep  nwifs  not  h'.ss  than  g  pitch,  <»r  J  the  width 
of  the  Ixiilding.  It  consists  of  metal  sluH'ts  whose  crxi.vs  t»r  hori/.«)ntal 
s<*ums  are  lock»"<|  us  in  flat  st-ntu  nMiting,  and  who.se  vertical  s«'ams  are 
standing  locked  ncjuiis,  a>  will  l»c  dcMrilMil  in  comuM-lion  with  Figs. 
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Fig.  220. 


220  to  229  inclusive.  Assume  that  14  x  20-inch  sheets  are  used  and 
the  sheets  are  edged  on  the  20-inch  sides  only,  as  shown  by  A  in  Fig. 
220,  making  the  sheet  13  x  20  inches.  After  the  required  number  of 
sheets  have  been  edged,  and  assuming  that  the  length  of  the  pitched 

roof  is  30  feet,  then  as  many  sheets  are 
locked  together  as  will  be  required,  and 
the  seams  are  closed  with  the  mallet 
and  soldered.  In  practice  these  strips 
are  prepared  of  the  required  length  in  the 
shop,  painted  on  the  underside,  and  when 
dry  are  rolled  up  and  sent  to  the  building. 
If  desired  they  can  be  laid  out  at  the  build- 
ing, which  avoids  the  buckling  caused  by  rolling  and  transportation 
from  the  shop  to  the  job. 

After  the  necessary  strips  have  been  prejjared  they  are  bent  up 
with  the  roofing  tongs,  or,  what  is  better  and  quicker,  the  roofing  edger 
for  standing-seam  roofing.  Tliis  i.s  a  machine  into  which  the  strips  of 
tin  are  fed,  being  dis- 
charged in  the  required 
bent  form  shown  at  A  or 
B  in  Fig.  221,  bent  up  1 
inch  on  one  side  and  IJ 
inches  on  the  other  side. 
Or  the  machine  will,  if  ^'^-  ^-^• 

desired,  bend  up  IJ  inches  and  Ih  inches,  giving  a  |-inch  finished 
doubled  seam  in  the  first  case  and  a  1-inch  seam  in  the  second. 
WHien  laying  standing-seam  roofing,  in  no  case  should  any  nails 
be  driven  into  the  sheets.  This  applies  to  tin,  copper  or  galva- 
nized iron  sheets.  A  cleat  should  be  used,  as  shown 
in  Fig.  222,  which  also  shows  the  full  size  for  laying 
the  sheets  given  in  Fig.  221.  Thus  it  will  be  seen  in 
Fig.  222  that  j  inch  has  been  added  over  the  measure- 
ments in  Fig.  221,  thus  allowing  edges. 

These  cleats  shown  in  Fig.  222  are  made  from 
scrap  metal;  they  allow  for  the  expansion  and  con- 
traction of  the  roofing  and  are  used  in  practice  as  shown  in  Fig.  223, 
which  represents  the  first  operation  in  laying  a  standing-seam  roof, 
and  in  which  A  represents  the  gutter  with  a  lock  attached  at  B.     The 
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gutter  \mi\i^  fastenwl  in  position  by  means  of  cleats  un«lef  the 
lock  B — tlie  suine  as  in  flat  seam  riMifing — the  standing  seam  strips 
are  hiitl  a.s  follows:  Take  the  stri[)  ('  and  l<»ck  it  well  into  the 
lock  H  of  the  gutter  A  a.s  shown,  and  place  the  cleat  shown  in  Fig. 
'222  tightly  against  the  upright  Keiid  of  the  strip  C  in  Kig.  22.'i  as  shown 
at  I),  and  fasten  it  to  the  roof  Ijv  means  of  a  1-inch  roofing  nail  a. 


Fig.  223. 
Press  the  strip  C  firmly  onto  the  roof  and  turn  over  c<lge  h  of  the  cleat 
I).     This  holds  the  sheet  ('  in  j)osition.     Xow  take  tiie  next  sheet  E, 
press  it  down  and  against  the  cleat  I )  and  turn  over  the  edge  d,  which 
holtls  K  in  jM)sitioii.     These  cleats  should  he  placed  about  IS  inches 


Tig.  221.  Fin.  225. 

apart  and  by  using  them  it  will  be  seen  that  no  nails  have  been  driven 
through  the  sheets,  the  entire  roof  being  held  in  position  by  means  if 
the  cleat.i  only. 

The  .second  operation  is  shown  in  I'ig.  J_M.  By  means  of  the 
hand  double  .seamer  and  nudlet  or  with  the  roofing  double  .seamers  and 
s<|uee/.ing  tong.s,  the  single  .seam  is  nuide  as  shown  at  a.  The  third 
and  last  operation  is  shown  in  Fig.  2'_'.'>  where  by  the  use  of  tlie  .same 
tools  the  doubled  seam  n  is  obtained.  In  Kig.  22(»  is  .sh«)wn  how  the 
finish  is  made  with  a  comb  ridge  at  the  (op.     Tlu"  sheets  A  .\  .\  have 
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on  the  one  side  the  single  edge  as  shown,  while  the  opposite  side  B  has 
a  double  edge  turned  over  as  shown  at  a.  Then,  standing  seams  hhh 
are  soldered  down  to  e. 

In  Fig.  227  is  shown  how  the  side  of  a  wall  is  flashed  and  counter 


Fig.  22f). 

flashed.     A  shows  the  gutter,  B  the  leader  or  rain  water  conductor, 
and  C  the  lock  on  the  gutter  A,  fastened  to  the  roof  boards  by  cleats 


Fig.  227. 

9S  shown  at  D.  T,he  back  of  the  gutter  is  flashed  up  against  the  wall 
as  high  as  shown  b^  the  dotted  line  E.  F  represents  a  standing-seam 
strip  locked  into  tiie  gutter  at  H  and  flashed  up  against  the  wall  as  high 
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i.s  shown  l)y  tlit'  ilnttetl  line  J  J.  .Vs  the  Hashing  J  J  E  is  not  fastened 
itt  tiny  part  to  the  wall  the  beams  or  wall  lan  settle  witliout  disturhing 
the  tliLshing.  The  counter  or  cap  Hashing  K  K  K  i-s  now  stepjKtJ  as 
shown  by  the  heavy  lines,  the  joints  of  the  brick  work  l>eing  cut  out  to 
allow  a  one-inch  flange  J  d  d  etc.  to  enter.  This  is  well  fastene«l  with 
Hashing  hooks,  as  indicateil  by  the  small  dots,  and  then  made  water- 
tight w  ith  roofer's  cement.  As  will  be  seen  tlie  cap  Hashing  overlaps  the 
ba.se  Hashing  a  distance  indicatecl  by  J  J  and 
lovers  to  L  L;  the  corner  is  double  seamed  at 
a  h.  M  shows  a  sectional  view  thmugh  tlie 
gutter  showing  liow  the  tubes  and  leaders  are 
joined.  The  tube  N  is  Hanged  out  as  shown 
at  i  i,  and  soldered  to  the  gutter;  the  leader 
( )  is  then  slip|)ed  t)ver  the  tube  N  as  .shown, 
and  fastened. 

In  tlie  .section  on  Flat-.'^eam  Roofing  it 
was  explained  how  a  conical  tower,  Fig.  214, 
Aould  be  covered.  It  will  be  shown  now 
how  this  tower  would  be  covered  with  stand- 
ing-seam r(M)fing.  As  the  circumference  of 
the  tower  at  the  base  is  3!Hi  inches,  and 
a.ssuming  that  1-1  x  2()-incli  tin  ])latc  is  to 
be  use<l  at  the  base  of  tlie  tower,  the  nearest 
widtli  which  can  be  employe<l  ami  whicii 
will  divide  the  base  into  equal  spaces  is  17  j^j 
inches,  without  edges,  thus  dividing  the  cir- 
cumference into  2."i  (.Hjual  parts.  Then  the 
wiiltli  of  M^i  inches  and  the  length  of  the 
rafter  A  H  or  A  C  in  elevation  will  be  the 
basis  from  which  to  construct  the  pattern 
for  the  standing  seam  strij),  f(»r  which  pro- 
cenl  as  follows: 

I,<'t  .\  H  ("  1)  in  Fig.  22Srej)resent  a  20-inch  wide  strip  locketl  and 
soldere*!  to  the  re(|uirtHl  length.  Through  the  center  of  the  strip  draw 
the  line  1'  F.  Now  measure  (he  length  of  the  rafter  .\  H  or  .\  C  in  Fig. 
211  ami  place  it  on  the  line  I*-  F  in  l''ig.  22S  as  shown  from  II  to  F.  At 
right  anglc>  lo  II  1*'  on  either  side  «lraw  F  O  and  F  I,  making  each 
iMjual  to  s\\   iiK  lies,  being  one  half  nf  the   ITj^j   al»ove  referrc«l  to. 
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From  points  L  and  O  draw  lines  to  the  apex  H  (shown  broken).  At 
right  angles  to  H  L  and  H  O  draw  lines  H  P  equal  to  1|^  inches  and 
H  S  equal  to  Ih  inches  respectively.  In  similar  manner  draw  L  D  and 
O  C  and  connect  by  lines  the  points  P  D  and  S  C.  Then  will  P  S  C  D 
be  the  pattern  for  the  standing  seam  strip,  of  which  22  more  will  be 
required.  When  the  strips  are  all  cut  out,  use  the  roofing  tongs  and 
bend  up  the  sides,  after  which  they  are  laid  on 
the  tower,  fastened  with  cleats,  and  double 
seamed  with  the  hand  seamer  and  mallet  in 
the  usual  mannero 

If  the  tower  was  done  m  copper  or  galva- 
nized sheet  iron  or  steel,  where  8-foot  sheets 
could  be  used,  as  many  sheets  would  be  cross- 
locked  together  as  required;  then  metal  could 
be  saved,  and  waste  avoided,  by  cutting  the 
sheets  as  shown  in  Fig.  229  in  which  A  B  C  D 
shows  the  sheets  of  metal  locked  together,  and 
E  and  F  the  pattern  sheets,  the  only  waste  be- 
ing that  shown  by  the  shaded  portion.  W  here 
the  finial  D  in  Fig.  214  sets  over  the  tower,  the 
standing  seams  are  turned  over  flat  as  much 
as  is  required  to  receive  the  finial,  or  small 
notches  would  be  cut  into  the  base  of  the  finial,  to  allow  it  to  slip  over 
the  standing  seams.  Before  closing  the  seams,  they  are  painted  with 
white  lead  with  a  tool  brush,  then  clos.ed  up  tight,  which  makes  a  good 
tight  job. 

CORRUGATED    IRON    ROOFING   AND   SIDING 

Corrugated  iron  is  used  for  roofs  and  sides  of  buildings.  It  is 
usually  laid  directly  upon  the  purlins  in  roofs  constructed  as  shown  in 
Figs.  230  and  231,  the  former  being  constructed  to  receive  sidings  of 
corrugated  iron,  while  in  the  latter  figure  the  side  walls  of  the  building 
are  brick.  Special  care  must  be  taken  that  the  projecting  edges  of  the 
corrugated  iron  at  the  eaA'es  and  gable  ends  of  the  roof  are  well  secured, 
otherwise  the  wind  will  loosen  the  sheets  and  fold  them  up.  The  cor- 
rugations are  made  of  various  sizes  such  as  5-inch,  2Wnch,  1^-inch 
and  f-inch,  the  measurements  always  being  from  A  to  B  in  Fig.  232, 
and  the  depth  being  shown  by  C.     The  smaller  corrugations  give  a 
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more  {)leasinjj  appearance,  hut  the  hirjrer  cornipitioiis  are  stiffer  and 
will  span  a  greater  ili.staiice.therehy  perniitting  the  purhu-s  to  l>e  further 

apart. 


Tin-  tlii(kiii->s  of  till'  metal  ;reiie''ally  used  for  rDoflnj;  and  siding 
varies  fniiii  Nu.  2\  \i>  S^>.  Itl  gaii^^e.     By  aetual  trial  made  hy  Tlie 


-<;^Ja_ 


Keystone  Hridgt-  (Ompaiiv  it  was  foimd  that  corniL';'!""!  iron  No.  2(), 

spanning   <i    feet,  lu'gan    to   give 

p<-rmanent  di-tli-dion  at  a  load  of 

.'ill  II).  per  s<|nare  foot,  and    llial 

it  <nll.ipscd  with  a  li>;id  i.f  i.<t  il». 

p<T    sipiare    f(Mit.     The    distance 

hetwecn  centers  nf  purlins  should,  therefore,  mit  excee»l  <">  feel,  and 

prefer.ilily  l»e  less  than  thi.s. 
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TABLES 

The  following  tables  will  prove  of  value  when  desiring  any  infor- 
mation to  which  they  appertain. 

MEASUREMENTS  OF  CORRUGATED  SHEETS 
Dimensions  of  Sheets  and  Corrugations. 


RESULTS 


TEST 


of  a  corrugated  sheet  No.  20,  2  feet  wide,  6  feet  long  between  supports,  loaded 
uniformly  with  fire  clay. 


Load 
per  square  foot. 

Deflection 
at  center  under  load. 

Permanent  Deflection, 
load  removed. 

lb. 

Inches. 

5 

1 

0 

10 

1 

0 

15 

1 

0 

20 

li 

0 

25 

li 

0 

30 

Is 

.1 

35 

2^ 

J 

40 

M 

1 

45 
50 

Si 
4' 

11 

55 

6| 

Not  noted. 

60 

Broke  down. 

The  following  table  shows  the  distance  apart  the  supports  should 
be  for  different  gauges  of  corrugated  sheets: 

Nos.  16  and  18 .6  to  7  feet  apart. 

Nos.  20  and  22 4  to  5  feet  apart. 

No.  24 2  to  4  feet  apart. 

No.  28 .  2  feet  apart. 
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riu- foll«)\viiig  taliU- is  talrulatt'tl  for  shifts  .{Oj  iiirlu-s  \vi«lf  U-fure 
corrujjatiiiL' 


.1. 

:|5 


.022 
.018 


i. 

2.61 

1.40 
1. 12 

.m 

.73 


Lb. 
32« 

2.IH 
I  7tl 
1.41 
Ml 
.Ul 


•  r  sii.i-t   niiKi 


123 
lUl 


I".    f....T 

' 

H  fe.l 
3M 

■  ■ 

348 

2;o 

air 

2«4 

2112 

ltf2 

190 

IW4 

IM       , 

154 

I&3 

150 

149 

121 

119 

IIH 

117 

W 

l»7 

97 

90 

340 

S«l 
IM 
I4H 
117 


296 
!S1 
I  74 
1  40 
I  23 
1.00 


LAYING  CORkl  (iMI.D  k'OOl  l\(i 
\\lit'!i  layiiij;  n»rrii<;att'il  irmi  on  wood  .slieatliiiig  u.sc  galvanized 
iron  nails  and  lead  \va.sli(.T.s.  Tin.-  advantage  in  using  lead  wjLsliers  is 
that  tiiey  make  a  tight  joint  and  jirevent  leaking  and  rusting  at  the  nail 
hole;  the  washer  being  .sf)ft  it  ea.sily  .shajies  it.scif  to  any  eurve.  In  Fig. 
233  is  shown  how  tlie.se  wjushers  are  n.scd;  A  .shows  the  full  size  nail 


/ 


Fin.  •-•:{;< 

and  ua>li(T.  ^\  hen  laying,  eonimeiic*'  at  the  left  hand  corner  of  the 
eave  and  end  of  the  hiiilding.  ( 'ontinue  laying  to  tli«'  ridge  hy  lapping 
tin-  second  shei-t  over  the  first  I  inches, the  left-hantl  e<lge  In-ing  linisheil 
l)V  means  of  a  gahle  liainl  A,  formed  as  shown  in  Fig.  L'.'M.  into  which 
the  comigat<Ml  sheet  H  is  well  hcddcd  in  rinifer's  e4>ment  ( '.  When  it 
is  not  tlesire«l  to  ii.se  this  gahle  haiul  the  sheet  must  In*  well  S4«ciired  at 
the  e<lge  to  keej)  the  wind  from  ruisini.'  the  slu-cts  from  llu*  nxif  in  a 
stonn.  as  at  .\  in  Fig.  %iO 
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Should  the  gable  have  a  fire  wall,  then  let  the  sheets  A  butt  against 
the  wall  and  flash  with  corrugated  flashing  as  shown  in  Fig.  235,  over 
which  the  regular  cap  or  counter  flashing  is  placed  as  explained  in 

connection  with  Fig.  227.  Should 
the  ridge  o  f  the  roof  A  butt 
against  a  wall,  as  shown  at  B  in 
Fig.  230,  then  an  end-wall  flash- 
ing is  used  as  is  shown  in  Fig. 
236  which  must  also  be  capped, 
by  either  using  cap  flashing  or 
allowing  the  corrugated  siding 
to  overlap  this  end-wall  flashing 


Fig.  234.  Fig.  235. 

as  would  be  the  case  at  B  in  Fig.  230.  Now  commence  the 
second  course  at  the  eaves,  giving  one  and  one  half  corrugations  for 
side  lap,  being  careful  that  the  side  corrugations  center  each  other 
exactly  and  nail  with  washers  as  shown  in  Fig.  237.     Nail  at  every 

other  corrugation  at  end  laps, 


and  at  about  every  6  inches  at 
side  laps,  nailing  through  top 
of    corrugation    as    shown    in 
^^'  "    '  Fig.  237.     Continue  laying  in 

this  manner  until  the  roof  is  covered. 

The  same  rule  is  to  be  observed  in  regard  to  laps  and  flashing  if 
the  corrugated  iron  were  to  be  fastened  to  iron  purlins,  and  the  method 
of  fastening  to  the  iron  frames  would  be  accomplished  as  shown  in  Figs. 
238  to  240  inclusive.  Assuming  that 
steel  structures  are  to  be  covered,  as 
shown  in  Figs.  230  and  231,  then  let 
A  in  Fig.  238  be  the  iron  rafter,  B 
the  cross  angles  on  which  the  sheets  D  are  laid,  then  by  means 
of  the  clip  or  clamp  C,  which  is  made  from  hoop  iron  and  bent  around 
tlie  angle  B,  the  sheets  are  riveted  in  position.  In  Fig.  239  is  shown 
another  form  of  clamp,  which  is  bent  over  the  bottom  of  the  angle  iron. 


Fig.  237. 
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Fij;.  240  sliows  still  unotliiT  metlioil,  where  the  chiiiH)  F  is  riveteil  to  the 
sheet  B  at  K,  then  tiiriietl  aroiiml  the  aii^'le  A  at  I).  To  uvuid  having 
tlie  storm  drive  in  l>etue«Mi  the  (•irru^'ateil  ujteiiiiij;  at  the  eaves,  c«jr- 
ruj^utetl  wood  filler  is  psed  as  shown  in  Fi;:.  JU.     This  keeps  out  tlie 


^. 


.^ 


<z- 


'> 


1  ig.  j:iS.  lig.  -'39. 

snow  and  hleet.  On  iron  franiin<2;  tiiis  is  made  of  pressed  metal. 
Another  form  of  corrugated  iron  roofing  is  shown  in  Fig.  242.  This  is 
put  down  with  cleats  in  a  manner  similar  to  standing-seam  r(M)fing. 

If  there  are  hij)s  on  the  nntf,  the  corrugated  iron  shouM  he  care- 
fully cut  and  the  hip  covered 
with  i^heet  lead.  This  is  hest 
done  by  having  a  wooden  cove 
or  filler  placed  on  the  hip, 
against  which  the  roofing  butts. 
Sheet  lead  is  then  formed  over 
tliis  wootlen  core  and  into  the 
corrugations,  and  tastened  l)y 
me;' IIS  of  wood  screws  through  the  lead  cap  into  the  wooden  core. 
The  lead  being  soft,  it  can  be  worked  into  any  desired  .shape. 
When  a  valley  occurs  in  a  hipped  roof,  form  from  j)lain  slux't  iron 
a  vallev  as  shown  in  Fig.  '2\'A.  being  sure  to  give  it  twoc\»atsof  paint 

before  laying,  and   make 
r'*-^"^'^  ""^  ^  it   froui   24-incii  wide 

^\,     .sheets,    Ixjuding    u  j»    12 

i  n  c  h  e  s    on    each    .sitje. 

l''it  it  in  the  vallev,  and 


V 


Fm   210. 


I'iK.  J 11. 


ctit   the  corrugated    iron    to   lit    tlic   i((|iiiif.l    angle.     Then   lap   llie 
corrugatetl  iron  over  the  valley  from  <»  to  S  inches. 

When  a  chimney  is  to  Iw  flashed,  as  shown  in  Fig.  244,  use  plain 
iroti,  iK-nding  up  atul  fhishing   into  the  chinuiey  joint.s,  ami  allowing 
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the  flashing  to  turn  up  under  the  corrugated  iron  at  the  top  about  12 
inches  and  over  the  corrugated  iron  at  the  bottom  about  the  same 
distance.  At  the  side  the  flashing  should  have  the  shape  of  the  cor- 
rugated iron  and  receive  a  lap  of  about  8  inches,  the  entire  flashing 


Fig.  242. 

being  well  bedded  in  roofer's  cement.  When  a  water-tight  joint  is 
required  around  a  smoke  stack,  as  shown  in  Fig.  245,  the  corrugated 
iron  is  first  cut  out  as  shown,  then  a  flashing  built  around  one  half  the 
upper  part  of  the  stack  to  keep  the  water  from  entering  inside.     This 

is  best  done  by  using  heavy 
sheet  lead  and  riveting  it  to 
the  sheets,  using  strips  of  sim- 
i  1  a  r  corrugated  iron  as  a 
washer  to  avoid  damaging  the 
lead.  Before  riveting,  the 
flashing  must  be  well  bedded 
in  roofer's  cement  and  then 
make  a  beveled  angle  of 
cement  to  make  a  good  joint. 
After  this  upright  flashing  is 
in  position  a  collar  is  set  over 
the  same  and  fastened  to  the 
stack  by  means  of  an  iron  ring 
bolted  and  made  tight  as  shown.  Cement  is  used  to  make  a  water- 
tight joint  around  the  stack.  This  construction  gives  room  for  the 
stack  to  sway  and  allows  the  heat  to  escape. 

Sometimes  the  end-wall  flashing  shown  in  Fig.  236  can  be  used 


Fig.  243. 
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FRONT  AND   REAR   VIEWS   OF   RESIDENCE   OF    MRS.   H.   M.  COBB,    MAGNOLIA   DRIVE, 

CLEVELAND,  OHIO 

Watterson  &  Schneider,  Architects,  Cleveland,  Ohio. 


FRONT   AND    REAR    VIEWS    OF    RESIDENCE  OF    MR.   H.  T.   LOOMIS.    MAGNOLIA    DRIVE, 

CLEVELAND.  OHIO 
WallrriM'ii  A  SihnrlOi-r.  Ar<hUc«i».  ('lovolantl.  Ohio. 

Com.  aUiiit  I3& uiu.    KIrat  Ktorjr  \V»IU  of  Mci'uunUnil  Ilrl.k.  Mi»<1p  at  Akmn.  ohi.v    K«x>ri  vif 
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togiMul  a«lvaiit:i;:c  in  Imildiii^'  llic  upright  fhtsliing  in  Fig.  245.     Where 
the  comigatfti  inni  iiieft>  at  the  ridge,  as  at  I)  and  1)  in  Figs.  2.*i0  and 


FiR.  214. 
231,  a  wof)dcn  coreis  placer!  in  position  as  exphiiiinj  in  connection  with 
tlie  hip  ridge,  and  an  angle  ritlge,  pressed  l)y  dealers  who  furni>h  the 


Kin   •-M.'i. 
ccjrrngatfci  irnn,  \<  |ilarrd  nvtr  tin- ridge  u.s  .show n  in  Kig.  2l<"i.     When 
a  riiige  roll  i-,  ri(|iiir(ii,  tin-  >hapi-  slmun  in   Kig.  217  is  eiiip|t>v«'il. 


219 


190 


SHEET  METAL  ^\'ORK 


These  ridges  are  fastened  direct  to  the  roof  sheets  by  means  of  riveting 
or  bolting. 

LAYING  CORRUGATED  SIDING 

Before  putting  on  any  corrugated   siding  or  clapboarding,   as 
shown  in  Fig.  24S,  a  finish  is  usually  made  at  the  eaves  by  means  of  a 


hanging  gutter  or  a  plain  cornice,  shown  in  Fig.  249,  which  is  fastened 
to  the  projecting  wooden  or  iron  rafters.  This  method  is  generally 
used  on  elevators,  mills,  factories,  barns,  etc.,  where  corrugated  iron, 
crimped  iron  or  clapboards  are  used  for  either  roofing  or  siding.     This 


Via 


style  of  cornice  covers  the  eaves  and  gable  j)rojections,  so  as  to  make 
the  building  entirely  ironclad.  When  laying  the  siding  commence 
at  the  left  hand  corner,  laying  the  courses  from  base  to  cornice,  giving 
the  sheets  a  lap  of  two  inches  as  the  ends  and  one  and  one  half  corruga- 


Fig.  248. 
tions  at  the  sides.     Nail  side  laps  every  6  inches  and  end  laps  at  every 
other  corrugation,  driving  the  nails  as  shown  in  Fig.  250. 

Where  the  sheets  must  be  fastened  to  iron  framing  use  the  same 
method  as  explained  in  connection  with  Figs.  238,  239  and  240.  In 
this  case,  instead  of  nailing  the  sheets,  they  would  be  riveted.  If  siding 
is  put  on  the  wooden  st>idding  care  should  be  taken  to  space  the  stud- 
ying the  same  distance  apart  as  the  laying  width  of  the  iron  used.     In 
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this  «;i>f  pieffs  of  studtliii^  sliuiilil  !»«•  |il;n<'<l  iM-lwtfii  the  uprights  at 
thf  finl  of  fuch  .slu'ft  to  iiiiil  (In-  hi[is.     Whfii  covering  ^raiii  elevators 
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.V 
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-y 


V\'A.   Jl!>. 


FiR.  -J'W). 


it  is  necessary  to  nse  swinging  scalfolds.  Cununence  at  the  Kase  and 
carry  up  the  a)urse  to  the  eave,  the  length  of  the  scatfoM.  ( 'oimncnce 
at  the  left  hand  and  give  the  sheets  a  hi|)  of  one  corn  ligation  "h  the  >ide 
and  a  two-inch  lap  at  the  ench 
Nail  or  rivet  in  every  corru- 
gation .'i  inches  from  the  lower 
end  of  the  sheet;  this  allows 
for  settling  of  the  huilding. 

When  anv  structure  is  to 
he  covcrcil  on  two  or  more 
sides,  a>rner  caaings  niaile  of 
flat  iron  are  eniploved,  of  a 
shape  similar  to  that  shown  at 
W,  Kig.  2")!.  It  uill  l.c  seen 
that  a  ral>))ct  i^  Ix-nt  on  lioth 
sides  (/   and    h    to    admit     the 


FiK.  -V.l. 


silling.  This  makes  a  neat  linish  on  the  outside  and  hidi's  the 
rough  edges  of  the  siding.  If  a  window  opening  is  (o  have 
i'asings  a  janih  is  used  as  shown  at  .V,  l'"ig.  'J.'l,  which  has  a  similar  rah- 
Ix't  at  a  to  receive  the  siding,  and  a  sipiare  hend  at  />  to  nail  against  the 
frame.      In  Fig.  L'.')'J  is  shown  th«'  i  ap  of  a  window  or  o|K*ning.      It  i.s 
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bent  so  that  a  is  nailed  to  the  window  or  other  frame  at  the  bottom, 
while  b  forms  a  flashing  over  which  the  siding  will  set.  Fig.  253  shows 
the  sill  of  a  window,  which  has  a  rabbet  at  a,  in  which  the  siding  is 


Fig.  252.  Fig.  253. 

slipped ;  then  b  forms  a  drip,  and  any  water  coming  over  the  sill  passes 
over  the  siding  without  danger  of  leaks;  c  is  nailed  in  white  lead  to  the 
window  frame. 

Another  use  to  which  corrugated  iron  is  put  is  to  cover  sheds  and 
awnings.  Sheets  laid  on  wood  are  nailed  in  the  usual  manner,  while 
sheets  laid  on  angle  iron  construction  are  fastened  as  explained  in  tlie 


preceding  sections.  In  Fig.  254  is  shown  an  awning  over  a  store  laid 
on  angle  iron  supports.  In  work  of  this  kind,  to  make  a  neat  appear- 
ance, the  sheets  are  cui'ved  to  conform  to  the  iron  bracket  A. 
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An  elevation  and  plan  of  a  brick  bay  are  shown  in  the  illu.stration,  th» 
sides  of  which  are  S  inches,  3  feet  2  inches  and  5  feet  10  inches  wide.  luijw 
or  flanges  for  soldering  are  to  be  allowed  on  the  3  feet  2  inch  pieces  and  no  laps 
on  tlie  S  incli  and  5  feet  10  inch  jjieces.  Tlie  lookouts  or  iron  braces  are  indi- 
cated in  the  plan  by  the  hea\'y  dashes  making  a  total  of  9  required. 

After  the  detail  section  is  drawn  and  knowing  the  angle  of  the  bay  in  plan, 
the  angle  is  placed  as  shown  by  ABC,  being  careful  to  place  CB  on  a  line  drawn 
vi-rtically  from  3—1  in  the  section.  The  miter  line  Is  then  drawn  as  shown  by 
BI),  the  section  divided  into  equal  spaces,  and  vertical  lines  dropped  to  the 
miter  line  BD  as  shown.  At  right  angles  to  BC  the  girth  of  the  section  is 
drawn  as  shown  by  similar  figures  from  1  to  20,  through  which  points  at  right 
angles  to  1-2G,  lines  are  dra\\'n  and  intersected  by  similar  numbered  lines 
drawn  from  the  miter  line  BD  at  right  angles  to  BC,  thus  obtaining  the  upper 
miter  cut  shown.  Now  using  this  miter  cut  in  practice,  make  the  distance 
from  either  points  2.5  or  24  (which  represents  the  line  of  the  wall)  equal  to 
S  inches,  3  feet  2  inches  and  5  feet  10  inches.  The  3  feet  2  inches  and  5  feet 
10  inches  liave  opp<jsite  miter  cuts  as  shown. 

As  will  be  seen  by  the  plan,  two  eight  inch  pieces  will  bo  required,  one 
right  and  one  left  and  (wo  3  feet  2  inch  and  one  5  feet  10  inch  jiieces.  Nine 
iron  lookouts  will  be  required  formed  to  the  shape  shown  in  the  detail  section* 
where  holes  are  punched  for  bolting  as  there  indicated. 


*Tho  lltuMtrutluii  rt^fcmtl  tu  will  l>o  toutui  on  tliu  back  of  tliis  i>uKt^ 
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CORMcl:   WOkK 

1  lifTc  IS  lut  tiadf  in  tlic  Iniililiii-i;  lino  to-tlay  wiiicli  Iia.s  iiia«le  .-.utli 
rapid  |)r<)^re,s.s  as  that  i)f  Sheet-Metal  Cornice,  or  Architectural  Sheet- 
Metal  \V(»rk.  It  is  not  very  Itinj^  since  the;;eneral  scope  of  this  branch 
<if  craftsmanship  merely  represented  a  tiii-shoj)  l)nsines.s  on  a  lar^e 
scale.  But  as  things  arc  to-<lay,  this  is  change<l.  From  an  enlarged 
tin-shop  business,  sheet-metal  cornice  work,  including  under  that  title 
everv  branch  of  architectural  sheet-metal  work,  has  l)ecou»eone  of  the 
substantial  industiies  of  the  coimtry.  com])aring  favorably  with  almt>st 
anv  other  mechanical  branch  in  the  building  tra<les.  Nor  is  this  W"rk 
confined  lo  tlie  larger  cities.  In  the  snuiller  towns  is  >liown  the  prog- 
ress of  architectural  sheet-iiictal  wmk  in  the  crccfiun  of  ciitirf  bulldiii),' 
fronts  ctin«;Muct(  il  from  sheet  iiielal. 

CONS!  RICF  ION 

Sheet-metal  cornices  have  heretofore,  in  a  great  measure,  been 
<lu|)lications  of  the  designs  commonly  employeil  in  wcmmI,  which,  in 
turn,  with  minor  modifications,  were  imitations  of  stone. 

With  the  marked  advancement  of  this  industry,  however,  this 
need  no  longer  be  the  ca.se.  A  .sheet-metal  cornice  is  not  now  imita- 
tive. It  possesses  a  variety  and  beauty  peculiarly  its  own.  No  pat- 
tern is  too  ciJinplex  or  too  dillicult.  Oesigns  are  satisfa«t«»rily  e.\eeut^^^ 
in  .sheet  metal  which  an-  imjxjssiblc  to  protluce  in  any  other  muterial. 
Hv  the  free  and  judicious  a|>plication  of  pressed  metal  ornaments,  a 
pro<hiet  i^  obtained  that  e(|uals  carved  work.  For  bo|dne,s.s  of  figure, 
sharp  ami  (  leau-eiii  lines,  shtvt-nn-t.d  work  lake^  the  lead  of  all  coni- 
ptrtitors. 

In  order  that  there  may  \h'  no  misunderstanding  as  to  the  various 
parts  eontained  in  what  tin-  slu-et-metal  worker  calls  a  "cornlif." 
I'ig.  2.V)  ha.-.  b«*en  prepared.  whi<"h  gives  the  nanus  of  all  the  members 
in  tlie  "entablature" — the  anhitectural  nanu-  for  what  in  the  .sliop  is 
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known  as  the  cornice.  The  term  "entablature"  is  seldom  heard 
among  mechanics,  a  very  general  use  of  the  word  "cornice"  having 
supplanted  it  in  the  common  language  of  business. 

An  entablature  consists  of  three  principal  parts — the  cornice,  the 
frieze,  and  the  architrave.  A  glance  at  the  illustration  will  serve  to 
show  the  relation  that  each  bears  to  the  others.  Among  mechanics 
the  shop  term  for  architrave  is  foot-moulding;  for  frieze,  panel;  and  for 


BED    MOULD 


..^ t    DRIP| 


FASCIA 


Fig.  255. 
the  subdivisions  of  the  cornice,  dentil  course,  modillion  coocrs^,  bid  ■ 
mould,  antl  crotvn-mould.  In  the  modillion  course,  are  the  modiUion- 
band  and  modillion^mould;  while  in  the  dentil  course  are  the  dentil- 
hand  and  dcntil-moidd.  Drips  are  .shown  at  the  bottom  of  die  crown- 
and  foot-mould  fascias,  and  the  ceiling  under  the  crown  mould  is  called 
the  planceer.  The  edge  at  the  top  of  the  cornice  is  called  a  lock,  and  is 
used  to  lock  the  metal  roofing  into,  when  covering  the  top  of  the  cor- 
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iiirt'.      In  the  panel,  tliere  are  the  paiul  j)n)|)er,  the  paael-muuld,  and 
the  stile.     The  side  and  fnnit  of  the  niodilHun  are  also  shown. 

Fifj.  2')<)  shows  the  side  and  fn)nt  view  <»f  what  <s  known  as  a 
liracket.  Larp-  terminal  lirackets  in 
eornices,  whi<li  pnjjcet  l>eyon<l  the 
nHJuliiinj^s,  and  ajjainst  which  the 
inonldin^s  entl,  are  railed  trnsses,  a 
front  and  a  side  view  of  which  are 
siiown  in  Fig.  257.  A  Idock  placed 
above  a  common  bracket  against 
which  the  moulding  ends,  is  called  a 
stop  block,  a  front  and  a  side  view  of 
which  are  shown  in  Fig.  258. 
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Fig.  251)  is  the  fnJiit  eleva- 
tion of  a  cornice,  in  which  are 
shown  the  truss,  the  bracket,  tiie 
nioilillion,  the  dentil,  anil  the 
panel.  It  is  .sometimes  the  case, 
in  the  construction  of  a  cornice, 
that  a  bracket  or  modillion  is 
called  for,  whose  fn)nt  and  si<le-s 
are  carved  as  .shown  in  the  fnmt 
^.^  I  ^Hi         and  sitle  views  in   Fig.  2t)().     In 

KIhTI  R\  tI       that  case,   the   brackets  are  oi>- 

tained  fit)m  dealers  in  pressed 
ornaments,  wiio  make  a  spei'ialty 
of  this  kind  of  work.  The  same 
aj)plics  to  capitals  which  would 
be  reciuired  for  jtilasters  or  col- 
imin.s,  such  a.s  those  shown  in  Figs.  201  and  2(>2.  The  pilaster  t)r 
oolinnn    would    be    formed  t 

ii]>  in  sheet  met-il,  and  tlir 
capital  punhased  and  sol- 
dered in  |)osition.  In  j-'ig. 
2(i.'{,  A   shows    un    inclined 

moulding,  which,  a.s  far  as  front  Sidi 

general      position      is     con-  ''•^  -"'**• 

«enied,  would  be  the  suimc  a.s  a  gable  moulding. 


FRONT 


SIDE 


ViK. 


X. 
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Raking  mouldings  are  those  which  are  indined  as  in  a  gable  or 
pediment;  but,  inasmuch  as  to  miter  an  incHned  moulding  (as  A)  into  a 
horizontal  moulding  (as  B  and  C),  under  certain  conditions,  necessi- 
tates a  change  of  profile,  the  term  "to  rake,"  among  sheet-metal  work- 
ers, has  come  to  mean  "to  change  profiles"  for  the  accomplishment  of 
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FRONT     ELEVATION 
Fig.  2on 

such  a  miter.  Hence  the  term  "raked  moulding"  means  one  whose 
profile  has  been  changed  to  admit  of  mitering. 

The  tenii  miter,  in  common  usage,  designates  a  joint  in  a  mould- 
ing at  any  angle. 

Drawings  form  a  ^eiy  important  part  in  sheet-metal  architectural 


FRONT     ELEVATION  SIDE     ELEVATION 

Fig.  2f.O. 
work.     An  elevation  is  a  geometrical  projection  of  a  building  or  other 
object,  on  a  plane  perpendicular  to  the  horizon — as,  for  example, 
Figs.  259  and  263.     Elevations  are  ordinarily  drawn  to  a  scale  of  |  or 


223 


^IlK.ri'  MK'r\T.  \VOl!K 


W' 


\  iiiili  ti>  tilt'  fuot.  A  .'icctional  ilruwitiij  shows  a  view  of  a  liuildiiig  o» 
otluT  <)l)jfcf  as  it  woiiM  a|>|)fiir  if  riit  in  two  at  a  given  vertical  line- 
as,  for  cxaiiipN'.  V'\'^.  -'>'>.     Ditail  drawintf.'<  .ire  ordinarily  full  size,  ai.ci 


SECTION 
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A       B 

1-iK.  •_'••.  1. 
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arc  often  called  work'nuj  drairirKjx.     Tracings  are  duj)licate  <lrawings, 
made  Ity  traciiif;  upon  trarisparci'*  iloth  or  paper  place<l  over  tlie  orig- 


-•'■.:?. 


inal  <lr. 
enough, 
petH-ral 


iwiir^,'.  Miuv  otiirr  terms  might  We  iutroducetl  hen*;  Imt 
we  helieve,  ha  •••  lierii  prc^nilrd  to  i:i\r  tlie  student  the  leading 
points. 
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A  few  words  are  necessary  on  the  subject  of  fastening  the  cornice 
to  the  wall. 

Sheet-metal  cornices  are  made  of  such  a  wide  range  of  sizes,  and 
are  required  to  be  placed  in  so  many  different  locations,  that  the 
methods  of  construction,  when  wooden  lookouts  are  employed  and 


Fig.  264. 

when  the  cornice  is  put  together  at  the  building  in  parts,  are  worthy  of 
the  most  careful  study.  The  general  order  of  procedure  in  putting 
up,  is  as  follows: 

The  foot-moulding  or  architrave  a  b  (Fig.  264)  is  set  upon  the 
wall  finished  up  to  /,  the  drip  a  being  drawn  tight  against  the  wall. 
The  brickwork  is  then  carried  up,  and  the  lookout  A  placed  in  position, 
the  wall  being  carried  up  a  few  courses  higher  to  hold  the  lookout  in 
position.  A  board  B  is  then  nailed  on  top  of  the  lookouts  (which 
should  be  placed  about  three  feet  apart) ;  and  on  this  the  flange  of  the 
foot-mould  b  is  fastened.  The  frieze  or  panel  6  c  is  now  placed  into 
the  lock  B,  which  is  closed  and  soldered;  when  the  lookout  C  and  the 
board  D  are  placed  in  their  proper  positions,  as  before  described. 
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Tlif  |tlarifeer  aixl  IkmI-hhuiIiI  c  d  arr  imw  l<»fke<l  and  .s<)l(lere<J  at 
D,  antl  till'  |i)<)kout  V.  itlaii-ti  in  |)<i.siti<)ii,  with  a  l><)anl  I'  j>la<t*<l  under 
the  lookouts  thf  '.'iitire  h'n;^th  of  the  coriiice;  onto  this  hoard  the  jjlaii- 
ceer  is  fa.stene<l.  Having  the  j)n»j)er  measurements,  the  frarner  now 
constructs  liis  lookouts  or  i)rackets  Ci  II  I  E,  fastening  to  the  beam  at 
T,  when  the  crown-mould  d  c  is  fastened  to  the  planceer,  through  the 
flange  of  the  <  hip  at  (/,  and  at  the  top  at  r.  The  joints  lietween  lengtns 
of  mouldings,  are  nuide  hy  lapping,  riveting,  or  bolting,  care  being 
taken  that  they  are  joined  so  neatly  as 
to  hide  all  indications  of  a  seam  when 
finisheil  ami  viewed  frtmi  a  short 
distance. 

If  brackets  or  modillions  are  to 
be  placed  in  position,  they  are  riveted 
or  bolted  in  position;  or  sometimes  the  I  ~T  '"''''°'** 
back  of  the  cornice  is  blocked  out 
with  wood,  and  the  brackets  screwed 
in  |)osition  dirough  their  flanges. 

\Miile  a  galvanized-iron  cornice 
thus  constructed  on  wooden  lookouts 
will  resist  fire  for  a  long  time,  a  strict- 
ly fireproof  cornice  is  obtained  only 
by  the  use  of  metal  for  supjwrts  and 
fastenings,  to  the  entire  exclusion  of 
wood.  This  fireproof  method  of  con- 
>t ruction  is  shown  in  Fig.  2(\n.  In- 
stead of  putting  up  in  parts  on  the  building,  the  cornice  is  ciui- 
structetl  in  one  piece  in  the  shop  or  ujMin  the  grountl,  au«l  hoistetl 
to  the  top  of  the  wall  in  long  lengths  easily  handled.  .\  drip  a  is  tisisl 
at  the  bottom  of  the  foot-mould,  and  the  joints  nuide  in  the  wav  in- 
dicated at  h  and  r,  with  a  lock  at  d.  Band  iron  supports  and  braces 
are  used,  formed  to  the  general  contour  of  the  parts  as  shown  bv  .\  ]\ 
( ',  and  bolted  direct  to  the  cornice,  as  shown,  before  hoisting. 

When  the  cornice  .sets  on  the  wall  as  at  (',  anchors  are  fastene<l 
to  the  main  bra<-e,  a.s  at  D  and  K,  with  an  <*nil  bent  up  or  down  for 
fastening.  If  the  cornice  .set.s  perfectly  phunb.  the  ma.son  carries  up 
his  wall,  which  holds  the  cornice  in  a  linn  jMisition.  The  top  and 
buck  are  then  framed  in  the  usual  maimer  ami  coven^l  bv  the  metal 
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roofer.  In  constructing  cornices  in  this  manner,  the  mouldings  are 
run  througli  solid,  behind  nW  brackets  and  modillions.  The  brackets 
and  modillions  are  attached  by  means  of  riveting  through  outside 
flanges. 

SHOP  TOOLS 

One  of  the  most  important  tools  in  cornice  or  architectural  sheet- 
metal  working  shop  is  the  hrahc.  On  those  operated  by  hand,  sheets 
are  bent  up  to  8  feet  in  one  continuous  length.  In  the  Isirger  shops, 
power  presses  or  brakes  are  used,  in  which  sheets  are  formed  up  to  10 
feet  in  length,  the  press  being  so  constructed  that  they  will  form  ogees, 
squares,  or  acute  bends  in  one  operation. 

Large  S-  or  10-feet  squaring  shears  also  form  an  important  ad- 
dition to  the  shop,  and  are  operated  by  foot  or  power. 

Wlien  cornices  are  constructed  where  the  planceer  or  frieze  is  very 
wide,  it  is  usual  to  put  crimped  metal  in,  to  avoid  the  waves  and  buck- 
les showing  in  the  flat  surface;  for  this  purpose  the  crimping  machine 
is  used. 

In  preparing  the  iron  braces  for  use  in  the  construction  of  fire- 
proof cornices,  a  punching  machine  anxl  slitting  shears  are  used  for 
cutting  the  band  iron  and  {)unching  holes  in  it  to  admit  the  bolts. 
\Miile  braces  are  sometimes  bent  in  a  vise,  a  small  machine  known  as  a 
hraxic  hender  is  of  great  value  ni  the  shop.  In  large  fireproof  building 
constructions,  it  is  necessary  that  all  doors,  window  frames,  and  even 
sashes  be  covered  with  metal,  and  made  in  so  neat  a  manner  that, 
when  painted  and  grained,  no  differences  will  be  apparent  to  indicate 
whether  the  material  is  wood  or  metal,  the  smallest  bends  down  to  \ 
inch  being  obtained.  This,  of  course,  cannot  be  done  on  the  brakes 
just  mentioned,  but  is  done  by  means  of  the  draw-hench,  which  is  con- 
structed in  lengths  up  to  20  feet  and  longer,  operated  by  means  of  an 
endless  chain,  and  capable  of  drawing  the  sheet  metal  over  any  shaped 
wood  mould  as  tightly  as  if  it  were  cast  in  one  piece.  The  smaller 
tools  in  the  shop  are  similar  to  those  described  in  the  Instruction 
Papers  on  Tinsmithing  and  Sheet  Metal  Work,  Part  I. 

METHOD  EMPLOYED  FOR  OBTAINING  PATTERNS 

The  principles  applied  to  cylinder  developments  as  explained  in 
the  Tinsmithing  and  Sheet  Metal  Work  courses,  under  the  heading 
of  'Tarallel-Line  Developments,"  are  also  applicable  for  obtaining 
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tlir  (latlrrii.s  fur  :iii\  iiiuiiMiii;;  wlu-rr  :ill  iiicnilirrs  run  parallel;  for  il 
makes  III)  •lillVri'iict-  what  |in>liU'  is  ciiiiiIommI,  m>  lun^  a.s  the  lines  niii 
parallel  to  one  another,  the  imrallel-linj-  inetho«|  is  iim.i1.  While 
iliis  inethod  is  ehietly  eiiiploynl  in  cornice  work,  other  prohlenis  will 
arise,  in  which  the  "llailial-I.ine"  an*l  'rrian^rnlation"  inetho«|s  (e.\- 
plaineil  in  previous  Papers)  will  he  of  M-rvii  i- 

'The  term  ^^enerally  nsed  in  the  >hop  fur  pallern  <iilliii^'oii  cornice 
work  is  nithr  riitfinff.      To  illiis|r;(e,  snpposc  two  piece-r  of  nioiililinj^s 
are   to   l»e   joined    |o;;elhcr    at 
angle  of  \Hf,  as  .shown  in  Fig.      V-^ 
_'i'><>.     The  first  .step  necessary 
would    he  to   bisect   the  given 
angle   and    obtain    the    iiiitcr- 
lint-  and  cut  each  piece  so  that 
they  would  miter  together.    If  a  Hl'   -'lic. 

caq)°nter  had  t)  make  a  joint  uf  this  kind,  lie  wonlil  pla<«>  lii>  moulding 
in  the  nn'ter-ltctx,  and  cut  one  piece  right  and  one  piece  left  at  an  angle 
of  l."»°,  and  he  wuuld  he  careful  to  hold  the  luouliling  in  its  proper  po- 
sition liefore  sawing;  or  else  he  may,  instead  of  having  a  return  miter 

as  shown,  have  a  face  miter  as  in 

'  a    |»ictuie    franu-,  shown    in    Fig. 

-<i7.  Tin-  slii'ct-nn'tal  cornice- 
maker  caiinut.  aflcr  his  niuiilding 
is  formed,  place  it  in  the  miter- 
liu\  li>  cut  tin-  miler.  hut  must 
lay  it  out — or,  in  other  wonls. 
develop  ii  —on  a  flat  surface  or 
sheet  of  melal.  lie  must  al.si)  he 
careful  to  place  the  profile  in  its  proper  |»o,si(iun  with  the  miter- 
lin--';  ur  else,  instead  of  having  a  return  miler  as  .shown  in  Kig.  2(»(»,  he 
will  have  a  faiee  miter  as  shown  in  Fig.  2«i7.  If  he  lays  out  his  work 
correctly,  he  can  then  cut  two  pieces,  form  one  right  and  tin- other  left, 
when  a  miter  will  result  hetween  the  (wt»  pieces  of  moulding  and  will 
l«M»k  as  .slitiwii  i'l  Fig.  2(i«;.  If.  however,  a  face  miter  is  d«'sini|.  as 
shown  in  I'ig.  Jt',7,  which  is  used  when  miters  are  desirtsi  fur  panels 
and  other  pnr|M»ses.  the  method  of  laying  ihem  out  will  he  e\plaine«l  «> 
\\v  pnwced.  The  same  princi|)les  !'e(|uire<l  for  developing  Figs.  Jlitl 
and  2ti7  are  used,  whelln-r  the  moiihlings  are  mi»ere«l  at  angles  of 'Mf 
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or  otherwise.  The  method  of  raking  the  mouldings — or,  in  other 
words,  changing  their  profile  to  admit  the  mitering  of  some  other 
moulding  at  various  angles — will  also  be  thoroughly  explained  as  we 
proceed. 

VARIOUS  SHAPES  OF   MOULDINGS 

The  style  of  mouldings  arising  in  the  cornice  shop  are  chiefly 

Roman,  and  are  obtained  by  using  the  arcs  of  a  circle.     In  some  cases, 

Greek  mouldings  are  used,  the  outlines  of  which  follow  the  curves 

of  conic  sections;  but  the  majority  of  shapes  are  arcs  of  circles.     In 


Fig.  268.  Fig.  269. 

Figs.  268  to  272  inclusive,  the  student  is  given  a  few  simple  lessons  on 
Roman  mouldings,  which  should  be  carefully  followed.  As  all  pat- 
tern-cutters are  required  to  draw  their  full-size  details  in  the  shop  from 
small-scale  drawings  furnished  by  the  architect,  it  follows  that  they 
must  understand  how  to  draw  the  moulds  with  skill  and  ease;  other- 


Fig.  270.  Fig.  271. 

wise  freehand  curves  are  made,  which  lack  proportion  and  beauty. 

In  Fig.  268,  A  shows  the  mould  known  as  the  cyina  recta,  known 
in  the  shop  as  the  ogee,  which  is  drawn  as  follows : 

Complete  a  square  abed;  draw  the  two  diagonals  a  c  and  b  d, 
intersecting  each  other  at  e.  Through  e,  draw  a  horizontal  line  inter- 
secting adsitf  and  b  c  atk.  Then,  with  /  and  h  as  centers,  draw  re- 
spectively the  two  quarter-circles  a  e  and  e  c. 
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In  Ki<i.  2<»1).  li  shows  the  ryum  rrrtrna,  known  in  the  shop  as  the 
oyir,  rcversetl.  ( 'oinplete  a  S4jiiare  a  h  r  d,  and  dniw  tlie  two  diai^utials 
I)  (I  and  fi  r  intersectinf;  at  <■;  thr(»ujj;h  r,  »lra\v  a  vertical  line  intersecting 
a  h  at  /  and  r  d  at  //,  wliicli  points  are  the  respective  centers  for  tlie  arcs 
3  «•  and  c  ('. 

( '  in  Fi«:.  271)  shows  f'u-  cuvetto,  calle<l  the  row  in  the  shop,  whidi 
is  drawn  l»y  conijdeting  a  s(juare  a  h  c  d.     Draw 
the   dia<,'onal    h  d    at   45°,   which    pmves   the 
s<|uare;  and,    using    d   as   a    center,  draw  the 
ipiarter-circle  a  c 

In  Fij;.  271.  I)  rc[)resents  tlie  ovolo  or 
echinu.s,  known  in  the  shop  as  the  (juartcr- 
roiind,  wjiich  is  ctjnstructed  similarly  to  C  in 
Fig.  270,  witli  the  exception  that  b  in  Fig.  271 
is  nsc<l  to  obtain  the  curve  ac. 

E  in  Fig.  272  is  known  as  the  toru.s,  known  in  the  shop  as  a  bead- 
mould.  A  given  distance  a  i  is  bisected,  thus  obtaining  c,  which  is  the 
center  with  which  to  describe  the  semicircle  a  b. 

All  of  these  pn)files  should  be  drawn  by  the  student  to  any  de- 
sired scale  for  practiic     In  ])rej)aring  mouldings  fn)in  sheet  metal, 


FiK.  272. 


it  is  so?uctimcs  r«'<|iiin'd  liiiit  nirirlimenls  are  aiidi-d  in  the  ogiv,  (t>ve, 
and  bead.  In  that  vwsv  the  mould  must  in-  benl  to  receive  these  en- 
rirhments,  which  an-  usually  obtaimnl  fron>  dealers  in  stanipi**!  or 
prrM.se«l  sheet-metal  work.  Thn.s,  in  Fig.  273,  F  represent.s  a  fn>nt 
view  of  a  «n)wn  mould  whose  ogee  is  enricheil.  the  .section  of  the  en- 
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richment  being  indicated  by  a  b  in  the  section,  in  v/hich  the  dotted  Hne 
d  c  shows  the  body  of  the  sheet-metal  moulding  bent  to  receive  the 
pressed  work.     In  Fig  274,  H  represents  part  of  a  bed-mould  in  which 


FiK.  274. 


egg-and-dart  enrichments  are  placed.  In  this  case  the  body  of  the 
mould  is  bent  as  shown  by  c  d  in  the  section,  after  which  the  egg-and- 
dart  is  soldered  or  riveted  in  position.     J  in  Fig.  275  represents  part 


Fig.  275. 
of  a  foot-mould  on  which  an  enriched  bead  is  fastened.     The  body  of 
the  mould  would  be  formed  as  indicated  by  c  in  the  section,  and  the 
bead  a  b  fastened  to  it.     This  same  general  method  is  employed,  no 
matter  what  shape  the  pressed  work  has. 

PRACTICAL  MITER  CUTTING 
Under  this  heading  come  the  practical  shop  problems.  The  prob- 
lems which  will  follow  should  be  drawn  to  any  desired  scale  by  the 
student,  developed,  and  bent  from  stiff  cardboard  to  prove  the  accu- 
racy of  the  pattern.  If  the  student  cannot  use  the  small  brake  in  the 
shop  and  test  his  patterns  cut  from  metal,  he  can  use  the  dull  blade  of 
a  table  knife,  over  which  the  bends  can  be  made,  when  using  cardboard 
patterns.  This  at  once  proves  interesting  and  instructive.  Should 
there  be  any  problem  which  Is  not  clear,  he  should  write  at  once  for 
further  information;  or,  should  any  problem  arise  on  which  he  desires 


236 


SHEET  MinWL  WOIlK 


205 


iiifiiriiiatioii,  tilt'  ScliiMtl  will  inform  liiiii  wliicli  [(n>lik-iii  in  lii.s  te\t- 
ImioLs  (iintains  similar  |)riiici|tl»'s,  nr  will  prfjiart'  such  a  pnihlern  for 
liim. 

Tlif  lir^t  |.iiil)Uiii  will  III-  Id  iiKtaiii  llif  ilfve|nj»ment  of  a  stjiiare 
return  miti-r,  such  as  would  occur  when  a  moulding;  hail  to  return 
around  the  c-orner  of  a  i)uildin>;,  a.s  shown  in  Fij;.  27<i.  In  F'i\i.  277 
are  shown  tw(*  methods  of  «»!)- 

tainiiif^  the  j)attern.     The  first  "  " 

nietiiod  which  will  he  descril)e<i 
is  the  "I(>n<;"  method,  in  which 
are  set  forth  all  the  principles 
applical)le  to  obtaining  pat- 
terns for  mouldings,  no  matter  ^'P-  -"^' 
what  angle  the  plan  niav  have.     The  seeond  method  i>;  the  "short' 
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rule  generally  employed  in  the  shop,  which,  however,  can  be  used  only 
when  the  angle  H  G  F  in  plan  is  90°,  or  a  right  angle. 

To  obtain  the  pattern  by  the  first  method,  proceed  as  follows: 
First,  draw  the  elevation  of  the  mould  as  shown  by  1,  B,  A,  11,  drawing 
the  coves  by  the  rule  previously  given.  Divide  the  curves  into  equal 
spaces;  and  number  these,  including  the  corners  of  the  fillets  as  shown 
by  the  small  figures  1  to  1 1.  In  its  proper  position  below  the  elevation, 
draw  the  soffit  plan  as  shown  by  C  D  E  F  G  H.  Bisect  the  angle  H  G 
F  by  the  line  G  D,  which  is  drawn  at  an  angle  of  45°.  From  the  va- 
rious intersections  in  the  elevation,  drop  lines  intersecting  the  miter-line 
as  shown.  At  right  angles  to  H  G,  draw  the  stretchout  line  1'  11', 
upon  which  place  the  stretchout  of  the  mould  1  11  in  elevation,  as 
shown  by  similar  figures  on  the  line  1'  11'.  At  right  angles  to  1' 
11',  and  from  the  numbered  points  thereon,  draw^  lines,  which  intersect 
by  lines  drawn  at  right  angles  to  H  G  from  similarly  numbered  inter- 
sections on  the  miter-line  G  D.     Trace  a  line  through  the  intersections 


Fig.  278. 
thus  obtained,  as  shown  by  J  G.     Then  will  1'  G  J  11'  be  the  desired 
pattern.     This  gives  the  pattern  by  using  the  miter-line  in  plan. 

In  developing  the  pattern  by  the  short  method,  on  the  other  hand, 
the  plan  is  not  required.  At  right  angles  to  1  B  in  elevation,  draw  the 
stretchbut  line  1"  1 1",  upon  which  place  the  stretchout  of  the  profile 
1  11  in  elevation,  as  shown  by  similar  figures  on  1"  11",  at  right 
angles  to  w-hich  draw  lines  through  the  numbered  points  as  shown, 
which  intersect  by  lines  drawn  at  right  angles  to  1  B  from  similarly 
numbered  intersections  in  the  profile  in  elevation.  Trace  a  line  through 
points  thus  obtained,  as  show^n  by  G  K.  Then  will  G  1"  11"  K  be 
similar  to  J  G  1'  11'  obtained  from  the  plan. 
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111  F'\^.  278  is  shown  a  liori/ontal  iiMUildiiij;  hutting  against  a 
plane  siirfacf  oh'itjue  in  t-lfvatinn.  A  miter  eut  «»f  this  kind  would 
he  re<inired  when  t!ie  return  nioiildinj;  of  a  donner  window  woidd  hutt 
a;,'ainst  a  niaii>anl  nr  other  j)itehe<l  roof.  In  this  ca.se  we  assume  A 
to  he  the  return  l)Uttiijg  Jigainst  the  pitched  roof  li.     The  nietliod  of 
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ohtaininjT;  a  j)attern  of  this  kind  is  shown  in  Fig.  27it.  Let  .\  11  ('  1) 
represent  the  elevation  of  the  return.  .\  D  representing  the  piteh  «>f  the 
roof.  In  its  pnj|)cr  position  as  shown,  draw  the  section  1  II.  which 
ilivide  into  ecpial  spaces  a.s  .shown,  and  fn)ni  which,  parallel  to  .V  H. 
draw  lines  intersecting  the  slant  line  .\  1)  from  1  to  1 1,  as  shown.  .\t 
right  angles  to  AH  erect  the  stretchout  linel'  11',  ujM>n  which  plair 
the  stretchout  of  the  section  as  showr>  hy  similar  ligun\s  on  I'  11'. 
.\t  right  angles  to  I'  11',  and  thniugh  the  ninnheritl  jM)inls  therti»n, 
draw  liiH's,  which  intersect  l>y  lines  drawn  at  right  angles  (o  .\  H  fnun 
similarly  numlu-rnl  infersection^  on  the   slant    line  .\  I).     'rim)Ugh 
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the  various  intersections  thus  obtained,  draw  E  F.     Then  will  E  F 
11'  1'  be  the  desired  pattern. 

It  is  sometimes  the  case  that  the  roof  against  which  the  moulding 
butts,  has  a  curved  surface  either  concave  or  convex,  as  shown  by  B  C 
in  Fig.  280,  which  surface  is  convex.  Complete  the  elevation  of  the 
moulding,  as  D  E;  and  in  its  proper  position  draw  the  section  1  9, 
which  divide  into  equal  spaces  as  shown  by  the  small  figures,  from 
which  draw  horizontal  lines  until  they  intersect  the  curved  line  B  C, 
which  is  struck  from  the  center  point  A.  At  right  angles  to  the  line 
of  the  moulding  erect  the  line  1'  9',  upon  which  place  the  stretchout 
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C 

Fig.  280. 

of  the  section,  as  shown  by  the  figures  on  the  stretchout  line.  Through 
the  numbered  points,  at  right  angles  to  1'  9',  draw  lines,  which 
intersect  by  lines  drawn  at  right  angles  to  2  D  from  similarly  numbered 
intersections  on  the  curve  B  C,  thus  resulting  in  the  intersections  I"  to 
9"  in  the  pattern,  as  shoAvn.  The  arcs  2"  3"  and  7"  S"  are  simply  repro- 
ductions of  the  arcs  2  3  and  7  9  on  B  C.  These  arcs  can  be 
traced  by  any  convenient  method;  or,  if  the  radius  A  C  is  not  too  long 
to  make  it  inconvenient  to  use,  the  arcs  in  the  pattern  may  be  obtained 
as  follows:  Using  A  C  as  radius,  and  7"  and  S"  as  centers,  describe 
arcs  intersecting  each  other  at  A' ;  in  similar  manner,  using  2"  and  3" 
as  centers,  and  with  the  same  radius,  describe  arcs  intersecting  each 
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•  itluT  at  A  .  With  the  same  radius,  and  with  A'  an<l  A-  as  centers. 
draw  the  arcs  S"  7"  and  3"  2"  respeetively.  Trace  a  Hue  thrmi^'h 
the  other  various  intersections  a.s  shown.  Then  will  1'  1"  'J"  9'  l>e  tlie 
desiretl  pattern. 

In  Fi<j.  2.S1  is  sliown  an  elevation  of  an  ohiong  or  rectan^^ular 
panel  for  which  a  initcr-cut  is  desired  on  the  line  a  b — known  as  a 
"panel"  or  "face"  miter.  The 
rule  to  apply  in  ohtaininij  tiiis 
pattern  is  shown  in  Ki<;.  ->!-•  , 
A  sliows  the  |)art  elevation  of  1 
the  panel;  a  h  and  r  d,  tlie 
miter-line.s  drawn  at  anjjles  of 
\7f.  In  its  proper  position 
with  the  lines  of  tlie  mould- 
ing, draw  the  pi"oHle  B.  the 
cur\'e  or  mould  of  which  divide 
into  tfjual  .spaces,  as  shown 
hy  tlie  figure.s  1  to  7;  and  fn)in 
the  points  thus  obtaineil,  par- 
allel  to  1  /).  draw   lines    iiiter- 


FiK.  Jsi. 
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.sorting  the  miter-line  a  h  as.  shown.  Kn)m  these  intersections,  par- 
allel to  U  d,  draw  lines  intersci-ting  also  vd.  At  right  angles  to  bd 
ilraw  the  stretchout  line  1'  "'.  upon  which  place  the  stretchout  of  the 
pn)lile  H.  At  right  angles  to  1'  7',  and  through  the  nunil»ere«j 
)Miintsnf  divi>-ion.  draw  lines,  wliic'i  inter>«Mi  liy  lines  drawn  at  right 
angles  to  /;  d  fn)!n  similarly  numlicrcd  inlei>i>ctions  on  the  miter- 
linrs  n  b  and  r  d.  'I'race  lines  through  the  various  jM)ints  of  inter- 
section in  the  j)attern  as  shown.  Then  will  ('  1)  K  V  l>e  the  retjuiri^l 
(lit  fur  the  cnils  of  the  jiaiu'l. 

I'hc  ^amc  mitcr-cut>  would  l>c  cmp|i>\r<l  for  liie  long  siile  u  r  in 
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Fig.  281,  it  being  necessary  only  to  make  D  E  in  Fig.  282  that  length 
when  laying  out  the  patttern  on  the  sheet  metal. 

Wliere  the  miter-cut  is  required  for  a  panel  whose  angles  are  other 
than  right  angles,  as,  for  example,  a  triangular  panel  as  shown  in  Fig. 
283,  then  proceed  as  shown  in  Fig.  284.  First  draw  the  elevation  of 
the  triangular  panel  as  shown  by  A  B  C,  the  three  sides  in  the  case 
being  equal.  Bisect  each  of  the  anglesvA,  B,  and  C,  thus  obtaining  the 
miter-lines  A  c,  B  b,  and  C  a.  In  line  with  the  elevation,  place  in  its 
proper  position  the  profile 
E,  which  divide  into  equal 
spaces  as  shown;  and  from 
the  numbered  division 
points,  parallel  to  A  C,  draw 
lines  cutting 'the  miter-line 
C  a.  From  these  intersec- 
tions, parallel  to  C  B,  draw 
lines  intersecting  the  miter- 
line.  &  B.  At  right  angles  to 
C  B  draw  the  stretchout  line 
1'  7',  upon  which  place  the 
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Fig.  283.  Fig.  284. 

stretchout  of  the  profile  E.  Through  the  numbered  points  of  divi- 
sion and  at  right  angles  to  1'  7',  draw  lines  as  shown,  which  intersect 
by  lines  drawn  at  right  angles  to  C  B  from  intersections  of  similar 
numbers  on  the  miter-lines  a  C  and  b  B.  Through  the  points  thus 
obtained,  trace  the  pattern  F  G  H  I. 

It  makes  no  difference  what  shape  or  angle  the  panel  may  have; 
the  principles  above  explained  are  applicable  to  any  case. 

In  ornamental  cornice  work,  it  often  happens  that  tapering  mould- 
ed panels  are  used,  a  plan  and  elevation  of  which  are  shown  in  Fig.  285. 
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My  referring  to  the  plan,  it  will  Wosccii  that  tlie  fmirpart.s//  a,  a  b',h'  a', 
and  a'  b  art*  syimiietrical ;  theref«)rf,  in  prat-tice,  it  is  iiw.-essan.-  only  t« 
ilraw  the  ontMjiiarter  plan,  as  shown  in  Fij^.  2S(i,  an<i  omit  tlie  eleva- 
tion, since  the  hei<,'ht  d  e  (Fifj.  2s.'))  is  known.  Thus,  in  Fij^.  280,  draw 
the  (juarter-j)lan  nf  the  panel,  no  matter  what  is  its  shape,  as  sliown 


I)V  a  1  .')  <')  0.  Divide  the  curves  from  1  .j  and  (»  !>  into  erpia- 
>|»aces,  indicated  respectively  hy  1,  2.  3,  4,  and  .'»,  and  (>,  7,  N.  and  '.». 
From  tiie.se  points,  draw  lines  to  the  aj)e.\  a.  As  the  ])attern  will  he  de- 
veloped by  triangulation,  a  set  of  trianj^les  will  he  reipiired.  as  shown  in 


a J^ENIER   LINE 


6 
KiK.  -'SO. 

Fi^.  2s7,  fur  whitii  pn)cn'<l  as  frdlows:  Diaw  any  horiz<uilal  lino,  ns 
'/  I;  and  fn)in  n  erect  the  pi-rpendicular  f»  n'  eipial  to  the  hei;jht  the 
panel  is  to  have.  Now  tak«'  tlie  leii|,'lhs  of  tin-  \arious  lines  in  Fii;.  2S(» 
fpiiii  II  to  1.  (/  tu  2.  It  in'.],  etc.,  to  ti  tol).  anil  place  them  i»n  the  line  a  I  in 
I''i^.  2.S7,  us  .shown  l>y  siniilar  nuinhers.    'I'lwn  usinjj  as  ra«lii  the  various 
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Fig.  287. 


lengths  a'  1,  a'  2,  a'  3,  etc.,  to  a'  9,  and  with  any  point,  a.s  a'  in  Fig. 
288  as  center,  describe  the  various  arcs  shown  from  1  to  9.  From  any 
point  on  the  arc  1  draw  a  Hne  to  a' .     Set  the  dividers  equal  to  the 

spaces  contained  in  the 
curve  1  5  in  Fig.  286;  and, 
starting  from  1  in  Fig.  288 
step  from  one  arc  to  an- 
other having  similar  num- 
bers, as  shown  from  1  to  5. 
In  similar  manner,  take  the 
distance  from  5  to  6  and 
the  spaces  in  the  curve  6  9 
in  Fig.  286,  and  place  them  on  corresponding  arcs  in  Fig.  288,  step- 
ping from  one  arc  to  the  other,  resulting  in  the  points  5  to  9.  Trace 
a  hne  through  the  points 
thus  obtained.  Then 
will  a'  1  5  6  9  a'  be  the 
quarter-pattern,  which 
can  be  joined  in  one- 
half  or  whole  pattern  as 
desired. 

In  Fig.  289  is  shown 
a  perspective  of  a  mould- 
ing which  miters  at  an 
angle  other  than  a  right  angle.     This  occurs  when  a  moulding  is 
required  for  over  a  bay  window  or  other  structure  whose  angles  vary. 

The  rule  given  in  Fig.  290  is  applicable 
to  any  angle  or  profile.  First  draw  a 
section  or  an  elevation  of  the  moulding 
as  shown  by  A  B  14  1.  Directly  below 
the  moulding,  from  its  extreme  point, 
as  2  3,  draw  a  plan  of  the  desired 
angle  as  shown  by  C  2  D.  Bisect  this 
angle  by  using  2  as  center  and,  with 
any  radius,  describing  an  arc  meeting 
the  sides  of  the  angle  at  C  and  E.  With  the  same  or  any  other  radius, 
and  with  C  and  E  as  centers,  describe  arcs  intersecting  each  other  in  F. 
From  the  corner  2,  draw  a  line  through  F.     Then  will  2  H  be  the 


Fig.  288. 


Fig.  289. 
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initor-line.  i>r  the  line  bisectinff  the  anj;le  ('2  1).  Now  clivi«le  the 
pmlilf  1  14  into  f«|iial  s|)ares  as  shown  by  the  fij^ures,  and  from  the 
points  tlais  ()l)taine<l  (ln>j)  vertical  lines  intersecting  the  miter-line  2 
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II  in  jilan  t'linn  1  to  14  as  shown- 
At  ri|,'lit  an^'les  to  ('  '_'.  ilraw  the 
line  J  K,  n|)on  which  place  t  h  c 
stretchout  of  the  j)rotile  in  elevation 
as  shown  hv  similar  figures  on  the 
stretchout  line,  throu^'h  which  tlrop 
liiu's  perpendicular  to  .1  K.  whic-h 
intersect  with  lines  drawn  parallel 
to  .1  K  fiDUJ  similarly  numhentl 
|)oiiits  of  intersection  on  the  niiter- 
Irarc  a  line   as  shown  In    I.  M.  wliicli    is    tlir  nii(er-<'Ut 


line  J   II. 
ile.sircd. 

When  twii  niiMildin^'s    havini;   dilTrn'ul  j)rolile>.  are  nipiiretl  to 
mif<T  lo^j«'lh<'r  as  shown  in  I"V'.  L'*.'l.  where  ('  miters  at  rijjht  an^Ie> 
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with  D,  two  distinct  operations  are  necessary,  wliich  are  clearly  shown 
in  Figs.  292  and  293.  The  first  operation  is  shown  in  Fig.  292,  in 
which  C  represents  the  elevation  of  an  ogee  moulding  which  is  to 
miter  at  right  angles  with  a  moulding  of  different  profile  as  shown  at  D. 

Divide  the  profile  C  into  equal 
2  spaces,  from  which  points  draw 
horizontal  lines  intersecting  the 
moulding  D  from  1'  to  10'.  At 
right  angles  to  the  line  of  the 
moulding  C,  draw  the  line  A  B, 
upon  which  place  the  stretchout 
of  the  profile  C  as  shown  by  simi- 
lar figures  on  A  B.  At  right 
angles  to  A  B,  and  through  the 
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Fig.  292. 

points  indicated  by  the  figures, 
draw  lines,  which  intersect  with 
lines  drawn  parallel  to  A  B  from 
similarly  numbered  intersections 
in  the  profile  D.  Trace  a  line 
through  the  points  thus  obtained, 
as  shown  by  E  H.  Then  will  E 
F  G  H  be  the  pattern  for  C  in 
elevation. 

To  obtain  the  pattern  forD, 
draw  the  elevation  of  D  (Fig.  293),  which  is  to  miter  at  right 
angles  with  a  moulding  whose  profile  is  C.  Proceed  in  precisely 
the  same  manner  as  explained  in  connection  with  Fig.  292.  Divide 
tlie  profile  D  in  Fig.  293  into  equal  parts,  as  shown,  from 
which  draw  horizontal  lines  cutting  the  profile  C.    At  right  angles 
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Fig.  293. 
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ti>  tin-  liiifs  of  till-  iiioiiltliiij^  |).  ilraw  tin-  Ntivtclioiit  liiir  A  R,  ii|m»ii 
which  \)\iwe  the  .stretchout  of  the  |)nilile  I).  At  rl;,'lit  angles  to  A  IJ, 
ami  thnui;,'h  the  imiiihere*!  points  of  ihvisioii,  draw  hues  us  shown, 
which  intersect  l)y  hues  drawn  parallel  to  A  li  from  similarly  nundn-retl 
intersections  in  the  profih-  ( '.  'riiroii^'h  tJie.se  [xiints  of  intersection 
draw  F  ( 1.     Then  will  K  F  ( ;  H  he  the  desired  pattern  ft»r  I). 

It  should  l)e  underst(K)d  that  when  the  patterns  in  Fi^'s.  292  and 
2<)3  are  fonned  anil  joined  together,  they  will  form  an  inside  miter,  a.s 
is  shown    in    Fig.    291. 
If,  however,   an   outside 

miter  were    recjuired,    it  *^^^t:;;;^^ 

would  he  nece.ssan^'  only  -^  -  ""  ^ 

to  ii.se  the  reverse  cuts  of 
the  patterns  in  Figs.  292 

and  293,  as  shown  by  E  J    ^////////^  ^^  \v\v  \\\  a 

II    in   Fig-    -•'-   for  t'i<^      Y-^  ////  ///    elevation 
mould  (',  anil  F  J  <  i    in 
Fi<'.  2*^)3  for  the  mould  1 ).  ,,.     ^ . 

When  j  oi  n  i  ng  a 
curve<l  moulding  with  a  straight  moulding  in  either  plan  or  eleva- 
tion even  though  the  cuned  or  straight  mouldings  each  have  the 
same  j)roHle.  it  is  necessary  to  estahlish  the  true  miter-line  hefore 
the  j)attern  can  he  correctly  <leveloj)ed,  an  example  heing  given  in 
Fig.  294,  which  shows  an  elevation  of  a  curved  moulding  which 
is  intersected  hy  the  lu)rizontal  mouldings  A  H.  The  methotl  of  oIh 
taining  this  miter-line,  al.so  the  pattern  for  the  horizontal  pieces,  is 
clearlv  shown  in  Fig.  29.j.  First  draw  the  pn>lile  which  the  horiz«»ntal 
moulding  is  to  have,  as  1  10.  Let  the  di>tance  9  H  he  established. 
Then,  with  T'  on  the  center  line  as  center,  and  .V  ( '  as  ra<lius.  describe 
the  arc  B  .\.  From  any  point  tin  the  line  9  H,  as  a,  erert  the  vertical 
line  (I  h.  Through  the  varif)us  divisions  in  the  pmlile  1  ID,  draw 
horizontal  lines  intersecting  the  vertical  linen/*  from  I  lo  10  as  shown. 
From  the  center  ('.draw  any  radial  line,  as  ('</,  cutting  the  arc  H  A  at  r. 
Now  take  the  various  divisions  on  a  l>,  and  place  them  from  *•  to  d  t\s 
shown  l)V  points  I'  to  HI'.  Then,  using  ('  as  «enter.  with  radii  deter- 
iniiH"*!  bv  the  various  points  on  >•  d,  dnw  arcs  intersecting  horizontal 
lines  of  •,imilar  luunbersilrawn  through  the  divisimis  on  ah.     Through 
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these  points  of  intersection,  draw  the  miter-Une  shown.     The  student 
will  note  that  this  line  is  irregular. 

Having  obtained  the  miter-line,  the  pattern  is  obtained  for  the 
horizontal  moulding  by  drawing  the  stretchout  line  E  F  at  right  angles 
to  9  B.  On  E  F  lay  off  the  stretchout  of  the  profile  1  10;  and 
through  the  numbered  points  and  at  right  angles  to  E  F,  draw  hori- 
zontal lines,  which  intersect  with  lines  drawn  at  right  angles  to  9  B 

from   similarly   numbered   in- 


tersections  in  the  miter-line 
determined  by  horizontal  lines 
already  drawn  through  the 
vertical  line  a  h.  Trace  a  line 
through  the  points  thus  ob- 
tained, as  shown  by  H  I  J  K, 
which  is  the  desired   pattern. 


A 
b 


Fig.  296. 

In  Fig.  296  is  shown  a  shaded  view  of  a  gable  moulding  intersect- 
ing a  pilaster,  the  gable  moulding  B  cutting  against  the  vertical  pilaster 
A,  the  joint-line  being  represented  by  o  6  c.  To  obtain  this  joint-line, 
without  which  the  pattern  for  the  gable  moulding  cannot  be  developed, 
an  operation  in  projection  is  required.  This  is  explained  in  Fig.  297, 
in  which  BCD  shows  the  plan  of  the  pilaster  shown  in  elevation  by  E. 
In  its  proper  position  in  plan,  place  the  profile  of  the  gable  moulding, 
as  shown  by  A,  which  divide  into  equal  spaces  as  shown  by  the  figures 
1  to  8,  through  which  draw  horizontal  lines  intersecting  the  plan  of  the 
pilaster  B  C  D  as  shown  by  similar  figures.     For  convenience  in  pro- 
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jectiiif^  the  various  |M)iiits,  ami  to  avoid  a  (•«»ufusion  of  lines,  number 
the  intersections  between  the  lines  drawn  fnmj  the  profile  A  through 
the  wash  H  2.  "7°**.  "4°",  aii.l  "T".  At  the.lesirni  iH)int  II  in  eleva- 
tion, draw  the  lower  line  <»f  the  jjable  niouldiiif:,  a-s  H  F.  Take  a 
trarinij  of  the  proliU"  A 
in  plan,  with  all  of  the 
various  intersections  on 
same,  and  j)lace  it  in 
elevation  as  shown  by 
A',  placinjj  the  line  1  S  at 
r  if;  lit  an;,des  to  II  V. 
'riiroufjh  the  various  in- 
tersections 1,  7°,  4°,  3°, 
2,  3,  4,  r>,  0,  7,  and  Si  in 
A',  and  parallel  to  FII. 
draw  lines  indefinitely, 
wiiich  intersect  l)y  lines 
drawn  at  rifjlit  anj^les  to 
('  H  in  plan  from  sim- 
ilarly numbered  intersec- 
tions in  the  pilaster  r  I> 
M,  thus  obtaining  the 
points  of  intersection  P 
to  S"  in  elevation. 

For  the  pattern,  pro- 
«eed  as  follows:  At  nj,dit 
angles  to  II  F,  draw  the 
stretchout  line  .1  K,  uj)oii 
which  j)la«-e  the  stretch- 
out r)f  the  pnifile  A  or  .\', 
with  all  the  jioints  of  in- 
tersection on  the  wash 
1  2.  At  right  angles  to  .1  K.  an<i  tlirough  the  lunnbercd  jxiints.  draw 
lines  as  shown,  which  intersect  by  lines  drawn  at  right  angles  to  11 
I"  from  similarlv  ninnbercd  interM-ctions  in  the  j«»int-line  1"  vi* 
I'limiigh  the  points  thus  obtained,  trace  the  miter-cut  M  N  ( ).  'Hien 
will  I .  M  \  <  )  I'  be  the  pattern  for  the  gable  moulding. 

In  Fig.2*.)S  are  shown  gable  monldingsnutering  uj>on  a  wasli.  The 
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mouldings  A  A  intersect  at  any  desired  angle  the  wash  B .  In  this  case, 
as  in  the  preceding  problem,  an  operation  in  projection  must  be  gone 
through,  before  the  pattern  can  be  obtained.     This  is  clearly  shown 

in  Fig.  299.  Draw  the  section  of  the 
horizontal  moulding  B^  with  the  wash 
a  b.  From  this  section  project  lines, 
and  draw  the  part  elevation  D  C. 
Fig.  298.  Knowing  the  bevel  tlie  gable  is  to 

have,  draw  C  B,  in  this  case  the  top  line  of  the  moulding.  Draw  a 
section  of  the  gable  mould,  as  A,  which  divide  into  equal  parts  as 
shown  from  1  to  8;  and  through  the  point  of  division  draw  lines 
parallel  to  B  C,  indefinitely,  as  shown.  Take  a  tracing  of  the  profile 
A,  and  place  it  in  section  as  shown  by  A^     Divide  A  into  the  same 
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number  of  spaces  as  A;  and  from  the  various  divisions  in  A*  drop 
vertical  lines  intersecting  the  wash  a  b  as  shown,  from  which  points 
draw  horizontal  lines  intersecting  lines  drawn  parallel  to  B  C 
through  similarly  numbered  points  in  A,  at  1°  to  8°.  Trace  a  line 
through  these  intersections  as  shown,  which  represents  the  miter-line 
or  line  of  joint  in  elevation. 

For  the  pattern,  draw  any  line  as  E  F,  at  right  angles  to  B  C,  upon 
which  place  the  stretchout  of  the  profile  A,  as  shown  by  similar  figures 
on  the  stretchout  line  E  F.  Through  the  numbered  pomts  of  division 
and  at  right  angles  to  E  F,  draw  lines  as  shown,  which  intersect  by 
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liiu's  <lra\vri  at  ri^^lit  aii;:l«-^  ti»  15  ('  from  similarly  r>iiiiil><.TtNl  imtTsec- 
tiniis  (III  r^  S'^  ami  on  tlu-  vertical  lim-  M  I).  A  liiu"  tracnl  tlinm^^li 
[Mjiiits  thus  (>litaiiK'<l,  a,s  shown  \>y  ( !  II  I  .1,  will  la-  tlu-  <lf>irnl  pattern. 

In  Fi^.  30()  is  shown  a  front  view  of  a  turret  on  which  f(»ur  trables 
are  to  he  nlaced,  its  shown  hy  A  A;  also  the  roofs 
over  same,  as  shown  by  B  B.     The  ])rol)leni  con- 
sists in  ohtainin*;  the  (ievelopments  of  the  {;al»le 
mouldinfis    on    a   stjuare    turret.     In  flevelopin^'  '^ 

this  pattern,  the  half-elevation  only  is  retjuireil, 
as  shown  in  Fig.  301,  in  which  first  draw  tlie 
center  line  E  F;  then  establish  tlic  half-width  of 
the  turret,  as  C  I),  and  draw  the  rake  B  ('.  At 
ri<:lit  an<,des  to  the  line  B  C,  and  in  its  proper 
position  as  shown,  draw  the  prf)file  A,  which 
divide  into  equal  spaces  as  shown  by  the  fijjures 
1  to  G,  throufjh  which,  parallel  to  B  C,  draw  lines  intersecting  the 
center  line  F  E  as  shown;  anil  extend  the  lines  below  C.  indefinitely. 
Now  take  a  tracing  of  the  profile  A,  ami  j)lace  it  in  position  tus 
shown  by  A',  being  careful  to  have  it  s|taced  in  the  same  number  of 
divisions,  as  shown  fn)m  1  to  (1,  through  which,  jnirallel  to  D  C,  erect 
lines  intersecting  similarly  numbered  lines  drawn  through  the  profile 
A,  thus  obtaining  the  intersections  1°  to  0°,  through  which  a  line  is 
traced,  whidi  represents  the  line  of  joint  at  the  lo\vt>r  end  betwwn 
the  two  gables. 

For  the  pattern,  take  a  .stretchout  of  .\.  and  place  it  on  the  line 
J  K  drawn  at  right  angles  to  B  C,  as  shown  by  the  figures  1  to  ('•  on  .1  K. 
At  right  angles  to  J  K.  and  through  these  points  of  division,  draw  lini*s, 
which  intersect  by  lines  drawn  fn)m  similarly  numbere<l  interswtions 
on  FB  ami  1°  0°.  Trace  a  line  through  the  j)oints  thus  obtaineil, 
as  shown  by  I*^  B°  C°  0°,  which  is  the  desired  pattern,  of  which  eight 
are  re<|uircd  to  comj)lete  the  turret,  four  formed  right  aiul  four  left. 

If  the  roof  shown  by  B  in  Fig.  .'{(H)  is  desirni  to  be  addetl  to  the 
pattern  in  Fig.  ."{Ol,  then,  at  right  anghvs  to  1''°  {\°,  draw  the  line  P°  F' 
eipial  to  I''  Hill  the  lialf-<-li'vati(iii.  ami  draw  a  line  fn>m  F'  to  (T  in  the 
pattern. 

In  Fig.  302  is  .shown  fmnl  view  of  an  angular  pitliment  with  hori- 
z/intal  returns  at  Intttom  .\  )ind  top  B.  In  this  |>roblem,  as  in  others 
which  will  follow,  a  change  of  prolile  i^  necessary  before  the  oirrcti 
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pattern  for  the  returns  can  be  developed.  In  other  words,  a  new  pro- 
file must  be  developed  from  the  given  or  normal  profile  before  the  pat- 
terns for  the  required  parts  can  be  developed.  It  should  be  under- 
stood that  all  given  profiles  are  always  divided  into  equal  spaces;  there- 
fore the  modified  profiles  will  contam  unequal  spaces,  each  one  oi 
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which  must  be  carried  separately  onto  the  stretchout  line.  Bearing 
this  in  mind,  we  shall  proceed  to  obtain  the  modified  or  changed  pro- 
files and  patterns  for  the  horizontal  returns  at  top  and  foot  of  a  gable 
moulding,  as  at  B  and  A  in  Fig.  302,  the  given  profile  to  be  placed  in  the 
gable  moulding  C.     In  Fig.  303,  let  C  represent  the  gable  moulding 
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j)lai«'<l  at  its  proper  an^le  witli  tlio  lidri/.oiital  moulding  (\  \\.  \ssuiii- 
in^'  that  0*  (i°  is  the  pn)j)er  aii^h*.  phue  tlic  pveii  pmfile  A  ut  right 
an^'h's  to  the  rake,  as  shown;  ami  ilivitU'  same  into  e<nial  sj)aees  as 
sliowii  from  1  to  10,  throujjli  wliich  points,  parallel  to  «i*  (1°,  draw  lines 
towards  tlie  top  ami  bottom  of  the 
rakin^j  inouldiiig.  .\ssuminf;  that  tlie 
leiijrth  ft"  (1°  is  eorreet.  take  a  tracing 
of  the  j)rohle  A.  and  place  it  in  a  ver- 
tical |)osition  helow  at  A'  and  ahove 
at  A-,  heiiif,'  careful  to  have  the  points 
(1  and  ()  in  the  jirofiles  directly  "n  a  ver-  ^'*^   ■''*' 

tical  position  below  tlie  j)oints  Ct^  and  0°,  as  shown.  From  the  va- 
rious intersections  in  the  profiles  A'  and  A-  (which  must  contain  the 
same  number  of  s[)aces  as  the  jjiven  j)rofile  A),  erect  vertical  Hill's 
intersectin<j  lines  drawn  through  the  pn)file  A,  as  shown  at  the  lower 
end  from  P  to  10^,  and  at  the  upper  end  from  1°  to  \{f.  Trace  a  line 
thn)U<,'h  the  j)oints  thus  obtained.  Then  will  P  10"  be  the  modilieil 
pn)file  for  the  lower  horizontal  return,  and  1°  10°  the  modilieil  profile 
for  the  upper  liorizontal  return. 

Note  the  difference  in  the  shapes  and  sj)aces  between  these  two 
rnodifieil  profiles  and  the  jjiven  pn)file  A.  It  will  be  notice<l  that  a 
portion  of  the  piblc  mouldinf;  miters  on  the  horizontal  mf)uldinn  (i  II 
from  0"  to  10'. 

For  the  |)altcrn  for  the  j^able  mouldiu','.  prniectl  as  follows:  At 
right  angles  to  K  F.  draw  the  stretchout  line  ^  K.  n|)oM  wliicii  place 
the  stretchout  of  the  given  pntfile  A,  as  shown  by  the  figures  1  to  lOon 
.1  K.  Through  these  figures,  at  riglit  angles  to  .1  K.  tiraw  lines  as 
sliown,  which  intersect  with  lines  drawn  at  right  angles  to  K  F  fntin 
similarly  numlx-red  intersections  in  1°  10°  at  tlie  top  and  T  (i* 
10'  at  the  lower  end.  Trace  a  line  through  the  intciMM-tions  thus  «»l>- 
tained.     Then  will  1 ,  M  N  (  )  be  the  |ialtcrii  for  ( '. 

For  the  |)altcrii  for  the  liorizontal  return  af  the  top,  draw  a  side 
view  as  shown  at  H,  making  I'  l(  the  desircil  pri>jectioii.  and  the  profib" 
1  10  on  H.  with  it.s  various  intersections,  an  e.\a«t  reproduction  of 
P  10''  in  the  elevation.  Kxteii<l  the  line  H  T  as  I{  .>-;;  and.  starting 
from  10.  lav  off  the  stretchout  of  the  piidile  in  H  as  shown  by  the  figures 
1  Im  In  on  !{  .s,  being  rarrful  to  measure  each  space  separately.  At 
right  aiii,'Its  tn  1{   .-^  draw  the  iiMial  measuring  lines,  which  intorMH-t 
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by  lines  drawn  parallel  to  S  II  from  similarly  numbered  points  in  the 
profile  in  B.  Trace  a  line  through  points  thus  obtained.  Then  will 
U  V  10  1  be  the  pattern  for  the  return  B. 

In  similar  manner,  draw  the  side  view  of  the  lower  horizontal 
return  as  shown  at  D,  making  the   projection  W  10  equal  to  P  R 


—  CM  m  ^  m  mNQO        a>9   t- 


—  c\i(n<r''>®N4)      0)2     X 


in  B.  The  profile  shown  from  1  to  10  in  D,  with  all  its  divisions,  is 
to  be  an  exact  reproduction  of  the  profile  1^  to  10^  in  elevation.  Extend 
the  line  ^^'  X  as  X  Y,  upon  w^hich  lay  off  the  stretchout  of  the  profile 
1  10  in  D,  being  careful  that  each  space  is  measured  separately, 
as  they  are  all  unequal.     Tlhiough  the  figures  on  X  Y  draw  lines  as 
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sitiiwn.  wliitli  intersect  by  lines  tlrjiwn  parallel  tu  W  \  fruiu  tlie  various 
intersections  in  the  profile  in  the  si<le  1).  A  line  trace<l  through  |>oints 
tlius  obtained,  as  shown  by  Z  N',  will  be  the  <lesire<l  cut,  ami  1  Z 
V  10  the  pattern  for  the  return  I). 

Ill  Fig.  304  is  shown  a  front  view  of  a  segmental  pe«linient  with 
upper  and  lower  horizontal  returns. 
This  presents  a  problem  of  obtaining 
the  jKittern  for  horizontal  returns  at 
top  and  foot  of  a  segmental  pediment, 
shown  respectively  at  A  and  B,  tlie 
given  profile  to  be  placed  in  C.     The  ^'•^   '*'" 

principles  u.setl  in  obtaining  these  j)atterns  are  similar  to  t]»;se 
in  the  preceding  problem,  the  only  difTerence  being  that  tlie  mous- 
ing is  cursed  in  elevation.  In  Fig.  305  the  true  method  is  clearly 
given.    First  draw  the  center  line  H  1),  through  which  draw  the  horizon- 

D  F 
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1  IK.  ;{().-. 
tal  lineCC'.  From  the  line  (' C  establish  the  height  E;and  with  the 
desire«l  center,  a.s  H,  draw  tin-  ;u<  ]•'  ( '  inttTsecling  the  line  C  ('  at  ('. 
In  its  proptT  |M)sitiou  on  a  vertical  line  F  (1.  pandlel  to  D  H,  tlraw  the 
given  pn>lile  of  the  curved  moulding  as  shown  by  .\,  which  divide  int«» 
♦•<|ual  .spaces  us  shown  fnun  I  to  10.  Through  these  figures,  at  right 
angles  to  F  (I,  draw  lines  intersecting  the  center  line  l>  H  a.s  shown. 
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Then,  using  B  as  center,  with  radii  of  various  lengths  corresponding 
to  the  various  distances  obtained  from  A,  describe  arcs  as  shown,  ex- 
tending them  indefinitely  below  the  foot  of  the  pediment.  The  point 
C  or  6"  being  established,  take  a  tracing  of  the  profile  A,  with  all  the 
various  points  of  intersection  in  same,  and  place  it  as  shown  by  A-, 
being  careful  to  have  the  point  6  in  A^  come  directly  below  the  point 
6"  in  elevation  in  a  vertical  position.  Then,  from  the  various  inter- 
sections in  A"  erect  vertical  lines  intersecting  similarly  numbered  arcs 
drawn  from  the  profile  A.  Trace  a  line  as  shown  from  1"  to  10", 
which  is  the  modified  profile  for  the  foot  of  the  curved  moulding. 

Establish  at  pleasure  the  point  V  at  the  top,  and  take  a  tracing 
of  the  given  profile  A   placing  it  in  a  vertical  position  below  1',  as 

shown  by  A^  From  the  various 
intersections  in  A^  erect  vertical 
lines  intersecting  similarly  num- 
bered arcs  as  before.  Through 
these  intersections,  shown  from 
r  to  10',  trace  the  profile  shown, 
which  is  the  modified  profile  for 
the  top  return. 

The  curved  moulding  shown 
in  elevation  can  be  made  either 
by  hand  or  by  machine.  The 
general  method  of  obtaining  the 
blank  or  pattern  for  the  curved 
moulding  is  to  average  a  line  through  the  extreme  points  of  the 
profile  A,  as  I  J,  extending  it  until  it  intersects  a  line  drawn  at  right 
angles  to  D  B  from  the  center  B,  as  B  H,  at  K. 

We  will  not  go  into  any  further  demonstration  about  this  curved 
work,  as  the  matter  will  be  taken  up  at  its  proper  time  later  on. 

To  obtain  the  pattern  for  the  upper  and  lower  return  mouldings, 
proceed  in  precisely  the  same  manner  as  explained  in  connection  with 
returns  B  and  D  in  Fig.  303. 

In  Fig.  306  are  shown  the  plan  and  elevation  of  a  gable  moulding 
ui  octagon  plan.  This  problem  should  be  carefully  followed,  as  it 
presents  an  interesting  study  in  projections;  and  the  principles  used  in 
solving  this  are  also  applicable  to  other  problems,  no  matter  what 
angle  or  pitch  the  gable  has.     By  referring  to  the  plan,  it  will  be  seen 
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that  tlir  iiiKiililiii^  hits  an  otta^oii  angle  in  plan  a  h  c,  while  .similar 
j)niiit>  in  rlfvaliun  (/'  //  c'  run  (»n  a  rake  in  nne  line,  the  top  uild  fool 
ot  the  nujultliuf;  l)Uttinfi  against  the  hriek  piers  H  an«l  A. 

The  method  of  proceeiling  with  work  of  this  kind  is  explained  in 
detail  in  Fig  307,  where  the  principles  are  thoroughly  explained.  Ix*f 
A  H  ('  I)  E  represent  a  jilan  view  of  the  wall,  over  which  a  gal«l« 
moulding  is  to  be  plated,  as  shown  by  (i  H  I  J,  the  given  j)rofile  of  the 
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iroidfling  being  shown  by  I .  M.  I  )ivido  iho  prf>rilc  into  oqual  spaces 
as  shown  i>v  the  figures  I  to  ^.  Parallel  to  1  II  or  .1  (I.  ami  thrttugh  the 
figures  mentioned,  draw  lines  indefinitely  a.s  shown.  Hisn-t  the  angle 
in  '  f )  in  plan,  anil  obtain  the  mitcr-liiK-  as  follows:  With  ('  iis  tvnter, 
and  aiiv  radius,  describe  tin-  arc  N  ( ).  With  N  and  ( )  Jis  centers,  and 
'iiiv  radius  greater  than  ('  N  or  ('  ().  describe  arcs  intersin-ting  each 
other  at  I'.  I'Voiii  the  |>oint  C.  and  thn>ugh  llu- ifitersection  P.  «lraw 
die  iiiilcr-liiic  ( "  (^.     Transfer  the  profile  I,  M  in  elevation  to  the  posi- 
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tion  shown  by  R  S  in  plan,  dividing  it  into  the  same  number  of  spaces 
as  L  M.  Through  the  figures  in  the  profile  R  S,  and  parallel  to  D  C, 
draw  lines  intersecting  the  miter-line  C  Q,  as  shown.  From  the  inter- 
sections on  the  miter-line,  and  parallel  to  C  B,  draw  lines  intersecting 
the  surface  B  A.     Now,  at  right  angles  to  C  D  in  plan,  and  from  the 
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Fig.  308. 

intersections  on  the  miter-line  C  Q,  draw  vertical  lines  upward,  inter- 
secting lines  of  similar  numbers  drawn  from  points  in  profile  L  M  in 
elevation  parallel  to  J  G.  A  line  traced  through  points  thus  obtained, 
as  shown  from  1'  to  8',  will  be  the  miter-line  in  elevation. 

For  the  pattern  for  that  part  of  the  moulding  shown  by  C  D  E  Q' 
in  plan,  and  H  G  8'  1'  in  elevation,  proceed  as  follows:  At  right 
angles  to  1  H  in  elevation,  draw  the  line  T  U,  upon  which  place  the 
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strctdujut  of  the  |)n)filc  L  M,  as  sliowii  hy  tlie  figure*  1  to  S.  At  rijjht 
audit's  to  T  r,  iiml  tliroii^li  tlioc  limiivs,  draw  lim-s,  as  shown,  whicli 
intersect  with  hues  of  siiiiiUir  iuiihIuts  drawn  at  rij^ht  angles  to  1  H 
fntni  intersections  on  the  miter-hne  1'  S'  and  from  intersectioas 
aj^ainst  the  vertical  surface  II  <  i.  Lines  traceil  tlinni^di  points  thus 
nhtained,  tus  shown  hy  \'  W  X  Y,  will  he  the  |)attern  for  that  part  of 
the  fjable  shown  in  jilan  hy  ('  1)  L  Q'  of  Fig.  :i07. 

In  Fig.  30S,  on  the  other  hand,  the  j)osition  of  the  plan  is  changed. 
so  a.s  to  hring  the  line  A  (^  horizontal.  At  right  angles  to  IJ  C  draw 
the  vertical  line  C  E,  on  which  locate  any  |>oint.  as  E.  In  the  same 
manner,  at  right  angles  to  C  B,  draw  the  vertical  line  R  J  indefinitely. 
Fdiu  the  point  E,  parallel  to  B  (',  draw  the  line  E  S",  intersecting 
the  line  J  B,  as  .shown.  Now  take  the  distance  fmm  S"  to  J  in  eleva- 
tion, Fig.  307,  and  set  it  off  from  8"  toward  J  in  Fig.  30S.  Draw  a  line 
rn)m  J  to  E,  which  will  represent  the  true  rake  for  this  portion  of  the 
moulding.  Now  take  the  various  heights  shown  from  1  to  S  on  the 
line  Z  Z  in  elevation  in  Fig.  307,  and  |)lace  them  as  shown  hy  Z  Z  in 
elevation,  Fig  30S,  being  careful  to  j)lace  the  point  S  of  the 
line  Z  Z  on  the  line  S"  E  extended.  .\t  right  angles  to  Z 
Z,  anil  from  points  on  same,  draw  lines,  which  intersect 
with  lines  drawn  at  right  angles  to  B  C  innn  intersec- 
tioas of  similar  numbers  on  ( '  Q  in  i>lan.  .\  line  traced 
through  points  tlnis  obtained,  as  shown  by  D  E  in  eleva- 
tion, will  be  the  miter-line  on  C  Q  in  |)lan. 

From   the  intersections  on    the  miter-line   I)  E,  and 
parallel   to    E    J,  draw  lines,  which    intersect  with    line 
(Irawn  from  iiUersections  of  similar  mnnl)ers  on  A  B  in 
jilan  at  right  angles  to  B  (".     .\  line  traced  through  jMiini- 
thus  obtained,  as  shown  by  F  J,   will   be  the  miter-line     '  '*^-  ■'^-*- 
or  line  of  joint  again.st  the  j)icr  shown  in  plan  by  B  \. 

Before  ol)taining  the  |)attern  it  will  be  necessary  to  obtain  a  true 
.sei'tion  or  |)ro(ile  at  right  angles  to  the  mouhling  F  !>.  To  do  so,  pro- 
ceed iui  ft»llows:  Transfer  the  given  proliU"  L  M  in  eh'vution  in  Fig. 
307,  with  the  divisions  an<l  ligurcson  same,  to  a  position  at  right  angles 
til  I'  I )  nf  Fig.  30S,  as  shown  at  L.  .\t  right  angles  to  F  1).  and  fn>m 
the  inlcrM'ctions  in  the  pn»(ile  L,  draw  lines  interse<-ting  thosrof  .simi- 
br  numbers  in  F  1)  E  .1.     'I'nur  a  line  thn)ugh  interse<*tions  thus  ob- 
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tained,  as  shown  from  1  to  8,  thus  giving  the  profile  M,  or  true  sections 
at  right  angles  to  F  D. 

For  the  pattern,  proceed  as  follows:  At  right  angles  to  F  D, 
draw  the  line  H  K,  upon  which  place  the  stretchout  of  the  profile  M,  as 
shown  by  the  figures.  At  right  angles  to  H  K,  and  through  the  figures, 
draw  lines,  which  intersect  with  those  of  similar  numbers  drawn  at 


Fig.  310.  Fig.  311. 

right  angles  to  F  D  from  points  of  intersection  in  the  miter-lines  D  E 
and  J  F,  as  shown.  Lines  traced  through  points  thus  obtained,  as 
shown  by  N  O  P  R,  will  be  the  pattern  for  the  raking  moulding  shown 
in  plan,  Fig.  307,  by  A  B  C  Q'. 

In  Fig.  309  is  shown  a  view  of  a  spire,  square  in  plan,  intersecting 
four  gables.  In  practice,  each  side  A  is  developed  separately  in  a 
manner  shown  in  Fig.  310,  in  which  first  draw  the  center  line  through 
the  center  of  the  gable,  as  E  F.     Establish  points  B  and  C,  from  which 
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ilraw  lines  U>  the  ajirx  l'\     At  pleasure,  cstaWlisli  A  1  >.      At  rigllt  angles 

ti)  V  K,  and  fniiii  H  and  J,  <lra\v  the  liiu'>  H  H  ami  J  K  rt-s|>ectively. 

VuT  tlie  paltiTii,  take  the  ilistunce-s  IJ  K,  K  A,  and  A  F,  aiul  j>laee  them 

as  shown  l)y  siniihir  letters 

on  the  vertical  line  D  F  in    ^ 

Fi;,'.  311.     At   right   angles    B 

to  H  F,  and  through  points 

H    and    A,   draw  lines  as 

shown,  njaking  B  II  ami  H 

II'  on   the  one  hand,   and 

A  X  and  A  O  on  the  other 

hand,  e«|ual  respectively   to 

li  II  and  A  X  in  elevation  in 

Fig.  310.     Til  en,    in    Fig. 


Fig.  31: 


l-iK.  :ua. 


311,  draw  lines  from  X  to  H  to  K  fu  IV  to  O,  a>  shown,  which  repre- 
sents the  j)attern  for  one  side. 

In  Fig.  312  is  shown  a  perspective  view  (»f  a  drop  B  mitering 
against  the  face  (»f  the  hracket  C  as  indicated  at  .\.  The  principles 
for  developing  this  |)rol(lem  are  exj)laincd  in  Fig.  313,  and  i-an  he  up- 
pli«'d  to  similar  work  no  matter  what  (he  profiles  of  the  drop  or  hrncket 
may  I.e.  Let  .\  B  C  1)  F  rcj)rcsent  the  fa<r  or  front  view  of  thehnicket 
droj),  unil  F  II  (i  I  the  sidi' of  the  drop  and  hracket.  I  )ivide  one-half 
of  the  face,  as  I)  C,  into  e(pial  sj)aces,  as  shown  l>y  the  figures  1  to  7 
on  either  side,  from  which  points  draw  horizontal  lines  crossing  H  (i 
in  side  view  and  intersecting  the  face  II  I  of  the  hrackd  at  jxiints  1'  ti» 
7'.  Inline  with  II  <i,dra\\  thclinc.I  K.  njMm  which  pla«"e  (he  stretch- 
out of  the  pn>lilc  M  ( ■  1),  as  shown  hy  1  (o  7  to  7  t<»  1  on  .1  K.  .\t  right 
angles  to  .1  K,  draw  the  usual  measuring  lines  as  sliowii  which  inter- 
.sect  hy  lines  drawn  parallel  tn  I  K  fnuu  similarly  ntMnhennl  intersiM^ 
tiou".  i>n  II  I.     Tr.ice  a  lim-  through  the  points  thus  ohtaiiml.     'i'hen 
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will  J  K  L  be  the  pattern  foi-  the  return  of  the  drop  on  the  face  of  the 
bracket. 

In  Fig.  314,  A  shows  a  raking  bracket  placed  in  a  gable  moulding. 
Wlien  brackets  are  placed  in  a  vertical  position  in  any  raking  moulding, 
they  are  called  "raking"  brackets.  B  represents  a  raking  bracket 
placed  at  the  center  of  the  gable.  The  patterns  which  will  be  develop- 
ed for  the  bracket  A  are  also  used  for  B,  the  cuts  being  similar,  the  only 

difference  being  that  one-half  the 
width  of  the  bracket  in  B  is 
formed  right  and  the  other  half 
left,  the  two  halves  being  then 
joined  at  the  angle  as  shown. 

In  Fig.  315  are  shown  the 
principles  employed  for  obtain- 
ing the  patterns  for  the  side, 
face,  sink  strips,  cap,  and  returns 
for  a  raking  bracket.  These 
principles  can  be  applied  to  any 
form  or  angle  in  the  bracket  of 
gable  moulding  respectively.  Let  S  U  V  T  represent  part  of  a 
front  elevation  of  a  raking  cornice  placed  at  its  proper  angles  with 
any  perpendicular  line.  In  its  proper  position,  draw  the  outline  of  the 
face  of  the  bracket  as  shown  by  E  G  M  O.  Also,  in  its  proper  position 
as  shown,  draw  the  normal  profile  of  the  side  of  the  bracket,  indicated 
by  6-Y-Z-15 ;  the  normal  profile  of  the  cap-mould,  as  W  and  X ;  and 
the  normal  profile  of  the  sink  strip,  as  indicated  by  10  10'  15'  15. 
Complete  the  front  elevation  of  the  bracket  by  drawing  lines  par- 
allel to  E  O  from  points  7  and  9  in  the  normal  profile;  and  establish 
at  pleasure  the  width  of  the  sink  strip  in  the  face  of  the  bracket,  as  at 
J  K  and  L  H.  To  complete  the  front  elevation  of  the  cap-mould  of 
the  bracket,  proceed  as  follows :  Extend  the  lines  G  E  and  M  O  of  the 
front  of  the  brackets,  as  shown  by  E  6  and  O  G,  on  which,  in  a  vertical 
position  as  shown,  place  duplicates  (W^  W^)  of  the  normal  profiles  W 
and  X,  divided  into  etiual  spaces  as  shown  by  the  figures  1  to  6  in  W 
and  W^  From  these  intersections  in  W^  and  W^  drop  vertical  lines, 
vhich  intersect  by  lines  drawn  parallel  to  E  O  from  similarly  numbered 
intersections  in  X,  and  trace  lines  through  the  points  thus  obtained. 
Then  will  R  E  and  O  V  represent  respectively  the  true  elevations,  also 
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till-  triu-  protiU's,  for  tlu-  rfliiriis  at  ti>j»  ami  font  nf  tlu-  «a|»  «»f  tlu-  rakiii^ 
l)racket. 

Now  tliviilf  the  normal  prolilt-  of  tlu-  l)ratkft  into  eijiial  .sjjace.s,  as 
shown  hv  the  figures  (J  to  1.'),  thnnigh  which,  parallel  to  K  O,  draw  lines 
intersecting  the  normal  sink  profile  from  10'  to  l.V  ami  the  face  lines 
.f  the  l>ra<ket  KFC.   HI.  KI..  and  <  >NM,  as  shown.     To  obtain  the 


PATTERN  FOfr: 
RETURN  R  E 


im.  Mr,. 

true  profile  for  the  side  of  the  hracket  on  the  lines  ( )M  and  (iK.  j>ro- 
iee<l  a.s  follows:  Parallel  t«)  ( )M,  draw  any  line,  as  V  Z' ;  and  at  right 
angles  to  ()M.  and  from  the  various  intersections  on  the  same,  draw 
lines  indefinitely,  crossing  to  the  line  V  Z'  as  shown.  Now,  measuring 
in  each  instance  fnim  the  line  \Z  in  the  normal  profile,  take  the  various 
distances  to  points  <»  to  lo  and  !.'>'  to  10',  ami  jilace  them  on  similarly 
nimdicred  lim-s  measuring  in  each  and  every  instance  from  the  line 
Y'  Z',  thus  (»litaining  the  points  •>'  to  !."»'  and  l")"  to  10".  as  shown. 
Trace  a  line  through  the  points  thus  olilain«il.  'I'hen  will  ^"'  (»' 
7' !l'  10'  l.'i'  /'    !.<•   flic   |)allrrii    for  the   si.lr  cf   the  raking  hracket, 
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and  10'  10"  15"  15'   the   pattern    for    the   sink   strip  shown  by  the 
Hnes  K  L  and  H  J  in  the  front. 

For  the  pattern  for  the  face  strip  B,  draw  any  line,  as  A^  B',  at 
right  angles  to  G  M,  upon  which  place  the  stretchout  of  10  15  in  the 
normal  profile,  as  shown  from  10  to  15  on  A^  B^  Through  these 
points,  at  right  angles  to  A^  BS  draw  lines  as  shown,  which  intersect 
with  lines  drawn  from  similar  intersections  on  the  lines  F  G  and  H  J. 
Trace  a  line  through  points  thus  obtained  as  shown  by  F°  G°  IP  3°, 
which  will  be  the  pattern  for  the  face  B,  B. 

For  the  pattern  for  the  sink-face  C,  draw  C^  D^  at  right  angles  to 
GM,  upon  which  place  the  stretchout  of  10'  15'  in  the  normal  profile 
as  shown  from  10'  to  15'  on  C^  D^  through  which,  at  right  angles  to 
C  D',  draw  lines,  which  intersect  by 
lines  drawn  from  similar  intersections 
on  K  L  and  H  J.  Trace  a  line  through 
the  points  so  obtained  as  J°  K°  L°  H°, 
which  is  the  pattern  for  the  sink- 
face  C. 

The  pattern  for  the  cap  D  and 
the  face  A  will  be  developed  in  one 
piece,  by  drawing  at  right  angles  to 
EO  the  line  E^  F'.    At  right  angles 


Fig.  316.  Fig.  317. 

to  E'  F',  and  through  the  figures,  draw  lines,  which  intersect  with  lines 
drawn  at  right  angles  to  EO  from  similarly  numbered  intersections  on 
REF  and  NOP.  A  line  traced  through  the  points  thus  obtained,  as 
shown  by  R°  E°  F°  and  N°  0°  P°  will  be  the  pattern  for  D  and  A. 

For  the  patterns  for  the  cap  returns  R  E  and  O  P,  draw  any  line 
at  right  angles  to  1  1  in  the  normal  profile,  as  H^  G',  upon  which 
place  the  stretchouts  of  the  profiles  R  E  and  O  P,  being  careful  to  carry 
each  space  separately  onto  the  line  H^  G',  as  shown  respectively  by 
C)''  V  and  6^  Fo  Through  these  points  draw  lines  at  right  angles  to 
Ci'  IP,  which  intersect  by  lines  drawn   at  right  angles  to  1   1  from 
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similar  iiuiiiIkts  in  W  ami  X.  Tnuf  liiif>  tlimiif^li  the  |)()iiit.s  tlius 
olttainttj.  Tlu'ii  will  N'  ( )'  li'  S'  \>v  tlii"  pattern  for  the  lower  return 
of  the  cap,  K  K;  while  .T'  M'  L'  K'  will  he  the  jjatteni  for  the  up|)er  re- 
turn, I'  <  ). 

In  Fi^.  31(i  is  shown  a  perspective  view  of  a  j^utter  or  eave- 
troii;;h  at  an  exterior  anjjle,  for  whieh  an  outside  miter  wuulil  he  re- 
i|inrei|.  It  is  immaterial  wliat  shape  the  gutter  has,  the  method  of 
ohtaininf^  the  pattern  for  the  miter  is  the  same.  In  Fig.  317  let  1  0 
10  represent  the  section  <jf  the  eave-trough  with  a  head  or  wire 
edge  at  ahc;  divide  the  wire  e<lge,  including  the  gutter  and  flange,  into 
an  e(|ual  number  of  spaces,  as  shown  hy  the  small  divisions  </ 1<»  1  to  9 
to  10.     Draw  any  vertical  line,  as  —^ 

A  H,  upon  which  place  the  stretch-         r\~" 
out  of  the  gutter  as  shown  hy  simi-  ■  ^ 

lar  letters  and  numbers  on  A  B, 
through  which,  at  right  angles  to 
A  H,  draw  lines,  which  intersect  liv 


liu.  :51s  FiK.  'M'.). 

•nes  drawn  parallel  to  .V  H  from  siiuiiar  points  in  the  section.  Trace 
t  line  through  tlu-  points  thus  obtained.  Thfii  will  (1)  V.  V  be  the 
j>attern  for  the  outside  angle  shown  in  Fig.  31ti. 

If  a  pattern  is  reipiiretl  for  an  interior  or  inside  angle,  as  is  shown 
in  Fig.  31<S,  it  is  necessary  only  to  extend  the  lines  C  D  and  F  E  in  the 
pattern  in  Fig.  317.  and  draw  any  vertical  line,  as  J  H.  Then  will  I  I> 
!•'  II  be  the  pattern  for  the  inside  angle  shown  in  Fig.  3 IS. 

In  Fig.  .{lO  are  shown  a  plan  and  elevation  of  a  moulding  which 
has  more  projection  on  the  fnmt  than  on  the  side.  In  other  words,  A  H 
represents  the  j)lan  of  a  brick  pier,  around  which  a  ct)rnice  is  to  he 
constructed.  The  ]>rnjr<  liun  of  the  given  profile  is  e«|ual  to  C,  the 
j)rofile  in  elevation  being  shown  by  ( "'.  The  proje«tion  of  the  fn>nt 
in  plan  is  also  npial  to  (\  as  shown  by  ( '■'.  The  pntj»ftion  of  the  left 
side  of  the  cornice  .shouM  l)r  only  as  much  as  is  shown  by  1)  in  pluii. 
Thi-i  rnpiires  a  change  of  pnililc  thnuigh  I ).  as  shown  by  1)'.    To  ob- 
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tain  this  true  profile  and  the  various  patterns,  proceed  as  shown  in 
Fig.  320,  in  which  A  B  C  D  represents  the  plan  view  of  the  wall,  against 
which,  in  its  proper  position,  the  profile  E  is  placed  and  divided  into 
equal  spaces,  as  shown  by  the  figures  1  to  12.  Through  1  2,  par- 
allel to  C  D,  draw  G  F.     Locate  at  pleasure  the  projection  of  the  re- 


,  C  PLAN    ,  ,  D 


!f^ 


turn  mould,  as  B  H,  and  draw  H  G  parallel  to  B  C,  intersecting  F  G 
at  G.  Draw  the  miter-line  in  plan,  G  C.  From  the  various  divisions 
in  the  profile  E,  draw  lines  parallel  to  C  D,  intersecting  the  miter-line 
C  G  as  shown.  From  these  intersections,  erect  vertical  lines  indefi- 
nitely, as  shown.  Parallel  to  these  lines  erect  the  line  K  J,  upon  which 
place  a  duplicate  of  the  profile  E,  with  the  various  divisions  on  same, 
as  shown  by  E^     Through  these  divisions  draw  horizontal  lines  in- 
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tersccting  tlie  similarly  mmil>ere<l  vertita!  lines,  as  shown  by  tlie  in- 
tersections 1  to  12'.  Trace  a  line  tlir()Uj,'li  these  points.  Then  will 
K'  he  the  true  section  or  pnjfile  on  II  H  in  plan. 

For  the  pattern  for  the  return  II  G  ('  B  in  plan,  extend  the  line 
B  A,  as  B  M,  upon  wliich  place  the  stretchout  of  the  profile  F',  l)eing 
lareful  to  measure  eadi  space  separately  (as  they  are  unecpial),  as 
shown  hy  figures  1'  to  12'  on  M  B. 

At  right  angles  to  this  line  ami  through  the  figures,  draw  lines, 
which  intersect  by  lines  drawn  at  right  angles  to  II  G  fn)m  similar 
points  on  C  G.     Trace  a 


line  thmugh  the  ])oints 
thus  obtaine<l.  Then 
will  IP  G'  C  B>  be  the 
pattern  fo  r  the  return 
mould. 

I'hc  jjattcrn  for  tlie 
face  mould  G  C  D  F  is 
obtained  by  taking  a 
stretchout  of  the  pnifile 
]•'.  and  placing   it  on   tlic 


TRUE  PROFILE 
THROUGH 
r     7*  IN 
PLAN        ^. 


liK.  .TJl. 


l-iK.  :i2-2. 


vertical  line  1'  ( ),  as  shown  by  similar  figures.  thn>ugh  which,  at 
right  angles  to  1'  ( ),  draw  lines  intersecting  similarly  numbere<l  lines 
prcviou.sly  extended  fn»m  ('  G  in  ])lan.  Trace  a  line  tlirough  these 
intersections.  Then  will  1  B'  G'  I'J  be  the  miter  paltrru  for  the  face 
iiioiild. 

ill  Fig.  .'i21  is  shown  a  perspective  view  of  a  gore  piece  .\  j«>iiuxl 
u<  a  I  luimrer.     This  presents  a  problen>  often  arising  in  ormimentul 
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sheet-metal  work,  the  development  of  which  is  given  in  Fig.  322.  Let 
A  B  C  D  show  the  elevation  of  the  corner  on  which  a  gore  piece  is  re- 
quired. H  7'  E  in  plan  is  a  section  through  C  D,  and  E  F  G  H  is 
a  section  through  X  I,  all  projected  from  the  elevation  as  shown.  The 
profile  1  7  can  be  drawn  at  pleasure,  and  at  once  becomes  the  pattern 
for  the  sides.  Now  divide  the  profile  1  7  into  an  equal  number  of 
spaces  as  shown,  from  which  drop  vertical  lines  onto  the  side  7'  E 
in  plan,  as  shown  from  V  to  7'.  From  these  points  draw  lines  parallel 
to  F  G,  intersecting  the  opposite  side  and  crossing  the  line  7'  \" 
(which  is  drawn  at  right  angles  to  F  G 
from  T)  at  V  2"  3"  4"  5"  6".  Draw  any 
line  parallel  to  C  D,  as  K  J,  upon  which 
place  all  the  intersections  contained  on  7' 
I"  in  plan,  as  shown  by  1°  to  7°  on  K  J. 
From  these  points  erect  perpendicular  lines, 
which  intersect  by  lines  drawn  from  simi- 
larly numbered  points  in  elevation  parallel 
to  C  D.  Through  the  points  thus  obtained 
trace  a  line.  Then  will  1^  to  7^  be  the  true 
profile  on  7'  I"  in  plan. 
For  the  pattern  for  the  gore,  draw  any  vertical  line,  as  A  B  in  Fig 
323,  upon  which  place  the  stretchout  of  the  profile  V  7^"  In  Fig.  322, 
as  shown  by  similar  figures  on  A  B  in  Fig.  323.  At  right  angles  to  AB, 
and  through  the  figures,  draw  lines  as  shown.  Now,  measuring  in 
each  instance  from  the  line  7'  1"  in  plan  in  Fig.  322,  take 
the  various  distances  to  points  1'  to  7',  and  place  them 
in  Fig.  323  on  similarly  numbered  lines,  measuring  in 
each  instance  from  the  line  A  B,  thus  locating  the  points  Fig.  324. 
shown.  Trace  a  line  through  the  points  thus  obtained.  Then  will 
F  G  7  be  the  pattern  for  the  gore  shown  in  plan  in  Fig.  322 
by  F  G  7'. 

In  Fig.  324  is  shown  a  face  view  of  a  six-pointed  star,  which  often 
arises  in  cornice  work.  No  matter  how  many  points  the  star  has,  the 
principles  which  are  explained  for  its  development  are  applicable  to 
any  size  or  shape.  Triangulation  is  employed  in  this  problem,  as 
shown  in  Fig.  325.  First  draw  the  half-outline  of  the  star,  as  shown  by 
A  B  C  D  E  F  G.  Above  and  parallel  to  the  line  AG,  draw  JH  of 
sunilar  length,  as  shown.     Draw  the  section  of  the  star  on  A  G  in  plan, 
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as  shown  Ijv  I  K  II.  I'ntjeft  K  into  plan  as  shown  at  I,  and  draw  U»e 
iiiittT-lines  HI,  ('  1,  D  I,  K  I.  an<l  V  I.  A>^  K  II  is  the  true  lenjjtli  on 
I  (1,  it  is  necessan,'  that  we  find  the  true  leiij,'th  on  I  V.  Usinjj  I  F  a-s 
ratlins  and  I  as  center,  draw  an  are  intersecting^  I  (}  at  a.  From  a 
erect  a  line  cnttin^  .III  in  section  at  /;. 
l)ra\v  a  line  from  h  to  K,  whieh  is  the 
true  lenf,'th  on  I  V. 

For  the  pattern,  j)n)ceed  as 
shown  in  Fij;.  32(».  Draw  any  line, 
us  K  II,  etjual  in  len;;th  to  K  II  in  Fi^'. 
32.').  Then,  using  K  b  us  radius  and 
K  in  Fig.  .'>2(»  as  center,  tiescriltc  the 
arc  h  h,  which  intersect  at  a  and  a  hv 
an  arc  (J  (1  struck  from  II  as  center 
and  with  F  G  in  plan  in  Fig.  32.")  a.s 
radius.  Draw  lines  in  Fig.  320  from 
K  to  a  to  II  to  a  to  K,  which  will  he  the  pattern  for  one  of  the  |)oints 
of  the  star  of  which  6  are  re<juired. 

When  hending  the  points  on  ili.-  line  1II\,  it  is  nece.s.sar\- to  have  a 
stay  or  profile  so  that  we  may  know  at  what  angle  the  hend  should  he 
made.  To  obtain  this  stay,  erect  fi-om  the  corner  B  in  Fig.  325  a  line 
intersecting  the  ha-se-Iine  .1  II  at  r,  from  which  point,  at  right  angles  to 
.1  K,  draw  r  d.  I'.sing  c  us  center,  and  c  d  as  radius,  strike  an  arc  inter- 
secting .1  II  at  /•.  Frr)m  c  drop  a  vertical  line  meeting  A  G  in  plan  at 
d'.  ."^et  off  /  H'  e<jual  to  /  H,  an<l  «lraw  a  line 
from  B  to  (/'  to  B',  which  is  the  true  j)n)file 
after  wliich  tiie  pattern  in  Fig.  320  is  to  he 
l)cnt.  If  the  stay  in  Fig.  32o  has  been  c»ir- 
ri'ctly  developed,  then  d'  B'  or  d'  B  nnist  e<|ual 
(  (I  in  Fig.  320  on  both  sides. 

In  Fig.  327  is  shown  a  linishe«l  elevation 
of  a  hipped  i*oof,  on  the  four  corners  of  whi<'h 
a  hip  ridg*'  .\  .\  butts  against  the  uj»per  bjuse  B 
and  cuts  ofT  on  a  vertical  line  at  the  bottom,  as  ('  and  C.  To  »)btain 
tin-  tnu'  profih-  of  this  hip  ridge,  togj-ther  with  the  top  and  lower  cuts 
and  the  pattt-rns  for  the  lower  heads,  prot-eed  as  shown  in  Fig.  iVJS, 
where  the  front  elevation  has  been  omitted,  this  n.>t  being  necessar)*, 
as  only  the  part  plan  ami  diagonal  i-levation  are  ii«<|uire<l.      First  draw 
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the  part  plan  as  shown  by  A  B  C  D  E  F  A,  placing  the  hip  or  diagonal 
line  F  C  in  a  horizontal  position;  and  make  the  distances  between  the 
lines  F  A  and  C  B  and  between  F  E  and  C  D  equal,  because  the  roof 
in  this  case  has  equal  pitch  all  around.  (The  same  principles,  how- 
ever, would  be  used  if  the  roofs   had  unequal    pitches.)     Above 

the  plan,  draw  the  line 
G  H.  From  the  points 
F  and  C  in  plan,  erect 
the  lines  F  G  and  C  I, 
extending  C  I  to  C*  so 
that  I  O  will  be  the  re- 
quired height  of  the  roof 
above  G  I  at  the  point 
C  in  plan.     Draw  a  line 

-FRONT  ELEVATION    ^        ^^^^^  ^  *»  ^S^  and  from 

C^  draw  a  horizontal  and 
vertical  line  indefinitely, 
as  shown.     Then  will   I  G  C^  be  a  true  section  on  the  line  of  the 
roof  on  F  C  in  plan. 

The  next  step  is  to  obtain  a  true  section  of  th?  angle  of  the  roof  at 
right  angles  to  the  hip  line  G  C^  in  elevation.  This  is  done  by  drawiixg 
at  right  angles  to  F  C  in  plan,  any  line,  as  a  b,  intersecting  the  lines 
F  A  and  F  E  as  shown.  Extend  a  b  until  it  cuts  the  base-line  G  I  in 
elevation  at  c.  From  c,  at  right  angles  to  G  CS  draw  a  line,  as  c  c?, 
intersecting  G  C^  at  d.  Take  the  distance  c  d,  and  place  it  in  plan  on 
the  line  F  C,  measuring  from  i  to  d\  Draw  a  line  from  a  to  d'  to  b, 
which  is  the  true  angle  desired.  On  this  angle,  construct  the  desired 
shape  of  the  hip  ridge  as  shown  by  J,  each  half  of  which  divide  into 
equal  spaces,  as  shown  by  the  figures  1  to  6  to  1.  As  the  line  G  C  rep- 
resents the  line  of  the  roof,  and  as  the  point  d'  in  plan  in  the  true  angle 
also  represents  that  line,  then  take  a  tracing  of  the  profile  J  with  the 
various  points  of  intersection  on  same,  together  with  the  true  angle 
a  d'  b,  and  place  it  in  the  elevation  as  shown  by  J'  and  a'  d"  b',  being 
careful  to  place  the  point  d"  on  the  line  G  O,  making  a'  b'  parallel  to 
G  C^  From  the  various  points  of  intersection  in  the  profile  J,  draw 
lines  parallel  to  F  C,  intersecting  B  C  and  A  F  at  points  from  1  to  6, 
as  shown.  As  both  sides  of  the  profile  J  are  symmetrical,  it  is  necessary 
only  to  draw  lines  through  one-half. 
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In  similar  manner,  in  elevaticin,  parallel  to  G  C,  draw  lines 
ihn)nijh  the  various  intersections  in  J',  wliii-h  interse<-t  by  lines  drawn 
at  right  angles  to  F  C  in  ph-n  from  .similarly  numbered  ]X)inLs  on  A  F 
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and  Tie.     Trace  n  line  thmugh  (he  points  thus  o]>tained.     Then  will 

K  I,  Ix"  the  niitcr-linc  ;il  the  boHom,  and  M  N  the  miler-line  at  the  ti»p. 

For  the  |»!iltfrn,  draw  any  line,  jus  O  P,  at  right  angles  to  (I  C, 
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upon  which  place  the  stretchout  of  J  in  plan  or  J^  in  elevation,  as  shown 
by  the  figures  1  to  6  to  1  on  O  P;  and  through  these  numbered  points, 
at  right  angles  to  O  P,  draw  lines,  which  intersect  by  lines  drawn  at 
right  angles  to  G  C^  from  similar  intersections  in  the  lower  miter-line 
K  L  and  upper  miter-line  N  M.  Trace  a  line  through  the  points  thus 
obtained.     Then  will  R  S  T  U  be  the  desired  pattern. 

In  practice  it  is  necessary  only  to  obtain  one  miter-cut — either  the 
top  or  the  bottom — and  use  the  reverse  for  the  opposite  side.  In  other 
words,  U  T  is  that  part  falling  out  of  R  S,  the  same  as  R  S  is  that  part 
which  cuts  away  from  U  T.  The  upper  miter-cut  butts  against  B  in 
Fig.  327;  while  the  lower  cut  requires  a  flat  head,  as  shown  at  C.  To 
obtain  this  flat  head,  extend  the  line  I  G  in  Fig.  328,  as  I  W,  upon 
which  place  twice  the  amount  of  spaces  contained  on  the  line  A  F  in 
plan,  as  6,  3  —  5,  4,  1,  2,  as  shown  by  similar  figures  on  either  side  of 
6  on  the  line  V  W.  From  these  divisions  erect  vertical  lines,  which 
intersect  by  lines  drawn  parallel  to  V  W  from  similarly  numbered 

intersections  in  the  miter-line 
K  L  G.  A  line  traced  through 
the  points  thus  obtained,  as 
shown  by  X  Y  Z,  will  be  the 
pattern  for  the  heads. 

AMiere  a  hip  ridge  is  re- 
quired to  miter  with  the  apron 
of  a  deck  moulding,  as  shown 
in  Fig.  329,  in  which  B  repre- 
sents the  apron  of  the  deck  cornice,  A  and  A  the  hip  ridges  mitering 
at  a  and  a,  a  slightly  different  process  from  that  described  in  the 
preceding  problem  is  used.  In  this  case  the  part  elevation  of  the 
mansard  roof  must  first  be  drawn  as  shown  in  Fig.  330.  Let  A  B  C 
K  represent  the  part  elevation  of  the  mansard,  the  section  of  the 
deck  moulding  and  apron  being  shown  by  DBF.  Draw  E  X  par- 
allel to  B  C.  EX  then  represents  the  line  of  the  roof.  In  its  proper 
position,  at  right  angles  to  B  C,  draw  a  half-section  of  the  hip  Uiould, 
as  shown  by  F  G,  which  is  an  exact  reproduction  of  B  E  of  the  deck 
mould.  Through  the  corners  of  the  hip  mould  at  Y  and  G,  draw 
lines  parallel  to  B  C,  which  intersect  by  lines  drawn  parallel  to  B  A 
from  V,  W,  and  E  in  the  deck  cornice.  Draw  the  miter-line  H  I, 
which  completes  the  part  elevation  of  the  mansard. 


Fig.  329. 
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Hcfort-  the  patterns  can  l)e  <»l»taiiie«l,  a  Wevelojied  surface  <»f  tlie 
nuuisanl  must  he  «lrawu.  Therefore,  fn)m  B  (Fig.  330),  «lrrij)  a  ver- 
tical Hue,  as  H  J,  intersecting  the  Hne  ('  K  at  J.  N«)\v  take  tlie  dis- 
tance (if  B  (',  and  phice  it  on  a  vertical  hue  in  Fig.  3^J1,  a.s  shown  by 
B  ('.  Through  these  two  point.s  draw  tlie  horizontal  lines  B  A  and 
( "  K  as  shown.     Take  the  prrijection  J  to  ('  in  Fig.  330.  and  place  it  as 
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shown  from  (  '  to  < '  in  Fig.  ;{31.  and  draw  a  line  from  ('  to  B.     Then 

will  ABC  K  he  the  devclope.1  surface  of  A  B  C  K  in  Fig.  3.30. 

As  hoth  the  pn)(iles  B  \'  W  K  and  F  Y  ( I  are  similar,  take  a  tracing 

of  either,  and  place  it  as  shown  hy  D  and  I  >'  respectively  in  Fig.  'Xi\. 

Diviile  hoth  into  the  same  nuniher  of  etpial  s|>uees,  ns  .shown.     Bistn't 

the  allele  ABC  hv  estahlishing  a  ami  /-.  and.  u.sing  these  as  (inters. 
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by  describing  arcs  intersecting  at  c;  then  draw  d  B,  which  represents 
the  miter-hne.  Through  the  points  in  D  and  D^,  draw  hnes  parallel 
to  their  respective  moulds,  as  shown,  intersecting  the  miter-line  B  d 
and  the  base-line  C  C^ 

For  the  pattern  for  the  hip,  draw  any  line,  as  E  F,  at  right  angles 
to  B  C,  upon  which  place  twice  the  stretchout  of  D,  as  shown  by  the 
divisions  6  to  1  to  6  on  EF.     Through  these  divisions  draw  lines  at 
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right  angles  to  E  F,  intersecting  similarly  numbered  lines  drawn  at 
right  angles  to  B  C  from  the  divisions  on  B  d  and  C  C^  Trace  a  line 
through  the  points  thus  obtained.  Then  will  G  H  J  L  be  the  pattern 
for  the  hip  ridge. 

When  bending  this  ridge  in  the  machine,  it  is  necessary  to  know 
at  what  angle  the  line  1  in  the  pattern  will  be  bent.  A  true  section 
must  be  obtained  at  right  angles  to  the  line  of  hip,  for  which  proceed  as 
shown  in  Fig.  330.  Directly  in  line  with  the  elevation,  construct  a 
part  plan  L  M  N  O,  through  which,  at  an  angle  of  45  degrees  (because 
the  angle  L  O  N  is  a  right  angle),  draw  the  hip  line  O  M.  Establish  at 
pleasure  any  point,  as  P^  on  O  M,  from  which  erect  the  vertical  line 
into  the  elevation  crossing  the  base-line  C  K  at  P  and  the  ridge-line 
C  B  at  R.  Parallel  to  O  M  in  plan,  draw  O^  P^  equal  to  O  PS  as 
shown.     Extend  P^  P-  as  P-  R\  which  make  equal  to  PR  in  elevation. 
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Draw  a  lim-  tn)iii  K'  tn  <  )'.  'I'lieiiO'  W  1*^  reprfseiiLs  a  tmc  sei-tionon 
(  )1"  ill  plan.  'l'hn)iijjli  any  point,  as  a,  at  ri^^lit  angles  to  (JM,  draw 
lir,  tutting'  L  ()  and  ()\  at  h  and  c  respi-ctivdy.  Extend  h  r  until  it 
iiitiTsect-s  ()'  I*'  at  </.  Fntni  </,  at  ri^jlit  aiij^les  to  ( )'  R',  draw  tlie  line 
(/  /•.  With  d  as  center,  and  dc  as  radius,  draw  tlie  arc  r  i',  intersecting 
( )'  P  at  (',  fn)m  which  point,  at  ri;;ht  anjjies  to  ()M  in  phm.  draw  a 
Hue  intersecting;  ( )M  at  /'.  Draw  a  Hi'  •  from  b  to  c"  to  c,  whiclj  repre- 
sents tlie  true  section  of  the  hip  after  which  the  pattern  shown  in  Fig. 
'.VM  is  fomie«i. 

The  pattern  for  the  deck  mould  1 )  B  in  Fig.  330  is  obtained  in  the 
same  way  as  tlie  .square  miter  .shown  in  Fig.  277;  while  the  pattern  for 
the  apron  D'  in  Fig.  331  is  the  same  as  the  one-half  pattern  of  the  hip 
ridge  .shown  by  n  II  1  G. 

In  Fig.  332  is  shown  a  front  elevation  of  an  eye-hrow  donner.  In 
tliis  view  ABC  represents  the  front  view  of  the  dormer,  the  arcs  being 
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struck  fmrii  the  coiitcr  pi>liits  I).  I',  and  F.  .\  section  taken  on  the 
hue  II  J  in  elevation  is  shown  at  (lie  right;  L  M  shows  the  roof  of  the 
donner,  indicated  in  the  section  by  X;  while  the  louvers  are  shown  in 
elevation  by  C)  P  and  in  .section  by  KT. 

In  Fig.  3.33  is  .shown  how  to  obtain  the  various  patterns  for  the 
various  parts  of  the  dormer.  AB( '  represents  the  half-elevati«)n  of  the 
donner,  and  EFG  a  side  view,  of  which  E(i  is  the  line  of  the  donner, 
EF  that  of  the  roof,  and  (IF  tli«'  line  of  the  pitelu'd  n>of  against  which 
the  di)nner  is  re(Hiire<l  to  miter. 

The  front  an<l  side  views  being  placed  in  their  pii>pcr  relative 
j)ositions,  the  first  stej)  is  to  obtain  a  true  s«-(tinn  at  rij.;ht  an;;les  to  EF. 
Proceed  as  follows:  Divide  the  ciirvi'  .\  to  B  into  a  number  of  e«jual 
spaces,  as  .shown  from  I  ii.  'i.  At  right  angU's  to  .\  ('.  and  from  the 
figures  on  .\  H,  draw  lines  intersecting  1'  <>  in  side  view  as  .shown. 
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From  these  intersections,  and  parallel  to  EF,  draw  lines  intersecting 
the  roof-line  GF  at  P,  2S  S\  etc.     Parallel  to  EF,  and  from  the  point 
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Fig.  333. 
G,  draw  any  line  indefinitely,  as  G  H.     At  right  angles  to  EF,  and 
from  the  point  E,  draw  the  line  EH,  intersecting  lines  previously  drawn. 
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at  I',  2'. .{',  etc.,  Jis  .sliitwii.  Now  take  a  duplicate  of  the  line  E  H,  with 
tlic  various  intersections  thcriMin,  and  phicc  it  on  tlie  c-enter  hue  AC 
extended  as  K.T.  At  ri^'ht  an<.'lcs  to  K.I,  an<l  from  the  (i;;ures  1-,  '2r,  3*, 
etc.,  draw  Unes,  which  intersect  w  ith  tliose  of  siinihir  numbers  drawn 
at  right  angles  to  Cli,  and  from  siniihirly  numhereil  points  on  the  cun'e 
.\  B.  Trace  a  line  through  the  points  of  intersection  thus  ohtainetl. 
Then  KL.M.)  will  he  one-half  the  true  profile  on  the  line  K  II  in  side 
view,  from  wliich  the  stretchout  will  he  obtained  in  the  development 
of  tlie  pattern. 

For  the  pattern  for  the  roof  of  the  donner,  draw  at  right  angles 
to  EF  in  side  view  the  line  X  (),  upon  which  place  the  .stretchout  of 
one-half  the  tnie  pn)file  on  the  line  EII  as  shown  l»y  the  small  figures 
1',  2*,  '.V,  etc.  Then,  at  right  angles  to  X  O.and  thn)Ugh  the  figures, 
ilraw  lines,  which  intersect  with  these  of  similar  numbers  drawn  at 
right  angles  to  EF  from  intersections  on  E(J  and  OF.  Trace  a  line 
through  the  points  thus  obtained.  Then  will  PU.ST  represent  one- 
half  the  pattern  for  the  roof. 

To  obtain  the  pattern  for  the  shape  of  the  opening  to  be  cut  into 
the  roof,  transfer  the  line  GF,  with  the  various  intersections  thereon, 
to  any  vertical  line,  its  TV,  as  shown 
by  tiie  figures  V.  2",  3\  etc.  In 
similar  manner,  transfer  the  line 
CB  in  front  view,  with  the  various 
intersections  on  same,  to  the  line 
ZW,  drawn  at  right  angles  to  I '^^  X^ 
as  .shown  by  the  figures  1,  2,  3,  etc.  \ 
At  right  angles  to  TV,  and  from  ^ \. 
the  figures,  draw  lines,  which  in-  'aVb^V"" 
tersect  with  those  of  sinn'lar  nmn-  ^^ 
bers  drawn  at  right  angles  to  ^  /. 
Through  these  jxiints,  trace  a  line. 
Then  will  rX\'Z  )•«•  the  half-pattern  for  the  >liaju-  of  the  i>|H*ning 
to  be  (lit  into  the  main  nnif. 

l-'or  the  j)i!ttern  for  the  ventilating  slats  or  Iouvits,  .should  thev 
be  re(|iiired  ill  the  donner,  j»roc»'»Ml  as  shown  in  Fig.  331.  In  this 
figure,  ABC  is  a  reprnduction  of  the  inside  opening  shown  in  Fig.  'Xi^i. 
Let  1,  2,  3,  4,  ')  in  Fig.  .331  represent  the  sections  «if  the  louvers  which 
will  be  plated  in  this  «tj>ening.     .\s  the  nu-thods  of  obtaining  (he  pjit- 
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terns  for  all  louvers  are  alike,  the  pattern  for  louver  No.  4  will  illus- 
trate the  principles  employed.  Number  the  various  bends  of  louver 
No.  4  as  shown  by  points  6,  7,  8,  and  9.  At  right  angles  to  A  B,  and 
from  these  points,  draw  lines  intersecting  the  curve  A  C  as  6^  7^  4\  8', 
and  9^  On  B  A  extended  as  E  D,  place  the  stretchout  of  louver  No.  4 
as  shown  by  the  figures  on  ED.  Since  the  miter-line  AC  is  a  curve, 
it  will  be  necessary  to  introduce  intermediate  points  between  7  and  8 
of  the  profile,  in  order  to  obtain  this  curve  in  the  pattern.  In  this 
instance  the  point  marked  4  has  been  added. 

Now,  at  right  angles  to  DE,  and  through  the  figures,  draw  lines, 
which  intersect  with  those  of  similar  numbers,  drawn  parallel  to  AB 

from  intersections  6'  to  9^ 


on  the  curve  AC.  A  line 
traced  through  the  points 
thus  obtained,  as  FKJH, 
will  be  the  half-pattern 
for  louver  No.  4.  The 
pattern  for  the  face  of 
the  dormer  is  pricked 
onto  the  metal  direct 
from  the  front  view  in 
Fig.  333,  in  which  A  8 
B  C  is  the  half-pattern. 
In  laying  out  the 
patterns  for  bay  window 
^^§-  ^^^-  work,   it  often  happens 

that  each  side  of  the  window  has  an  unequal  projection,  as  is  shown 
in  Fig.  335,  in  which  DEF  shows  an  elevation  of  an  octagonal  base  of 
a  bay  window  having  unequal  projections.  All  that  part  of  the  bay 
above  the  line  AB  is  obtained  by  the  method  shown  in  Fig.  290,  while 
the  finish  of  the  bay  shown  by  ABC  in  Fig.  335  will  be  treated  here. 
In  some  cases  the  lower  ball  C  is  a  half-spun  ball.  A'  B^  F^  is  a  true 
section  through  A  B.  It  will  be  noticed  that  the  lines  Ca,  Cc,  and  Cd, 
drawn  respectively  at  right  angles  to  ab,  be,  and  cd,  are  each  of  different 
lengths,  thereby  maldng  it  necessary  to  obtain  a  true  profile  on  each 
of  these  lines,  before  the  patterns  can  be  obtained.  This  is  clearly 
explained  in  connection  with  Fig.  336,  in  which  only  a  half-elevation 
and  plan  are  required  as  both  sides  are  symmetrical.    First  draw  the 
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(riittr  liiu-  AH,  i>n  \vlii<li  <lra\v  ilii-  lialf-elevatiitn  of  the  base  of  the 
hav.  as  shown  l.y  CDK.  At  rij,'ht  aii^'U-s  to  All  ilraw  the  wall  line 
in  plan,  as  FK;  and  in  its  proper  position  in  relation  to  the  line  (  I)  in 
elevation,  ilraw  the  «lesire<l  half-j)lan,  its  shown  l>y  CiUlJ.  Kroni  the 
corners  II  ami  I  draw  the  initer-Iines  IIK  ami  IF   jls  shown.     As  I)IC 
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FiR.  :{:«•). 
represents  the^iven  profile  thn)n^h  K(l  in  |)lan,  then  divide  the  profile 
I)K  into  an  etpial  iuuni)er  of  sjuices  as  sh(»wn  l>y  the  li^'ures  1  ti>  l.v 
From  these  points  dn>p  vertical  lines  intellect  in;,'  the  nnter-line  Fll 
in  plan,  as  .shown.  Fn)in  tliesi-  int«Tse<'tions.  parallel  to  III.  «lniw 
lines  intersecting  the  niiter-lines  IF,  fn>ni  which  points,  parallel  to  I.I. 
«lraw  lines  intersecting'  thr  center  line  FH.  'rhmii^h  the  varions 
points  of  intersection  in  |)l',  draw  liori/ontal  lines  indetlnitely  rij;ht 
and  left  as  shown. 
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If  for  any  reason  it  is  desired  to  show  the  elevation  of  the  miter- 
line  FI  in  plan  (it  not  being  necessaiy  in  the  development  of  the  pat- 
tern), then  erect  vertical  lines  from  the  various  intersections  on  FI, 
intersecting  similar  lines  in  elevation.  To  avoid  a  confusion  in  the 
drawing,  these  lines  have  not  been  shown.  Trace  a  line  through 
points  thus  obtained,  as  shown  by  D'  13,  which  is  the  desired  miter- 
line  in  elevation. 

The  next  step  is  to  obtain  the  true  profile  at  right  angles  to  HI 
and  IJ  in  plan.  To  obtain  the  true  profile  through  No.  3  in  plan,  take 
a  tracing  of  J  F,  with  the  various  intersections  thereon,  and  place  it  on 
a  line  drawn  parallel  to  CD  in  elevation,  as  J^  F^,  with  the  intersections 
1  to  13,  as  shown.  From  these  intersections,  at  right  angles  to  J^  FS 
erect  lines  intersecting  similar  lines  drawn  through  the  profile  DE  in 
elevation.  Trace  a  line  through  the  points  thus  obtained,  as  shown 
by  1'  to  13',  which  represents  the  true  profile  for  part  3  in  plan.  At 
right  angles  to  IH  in  plan,  draw  any  line,  as  INIL,  and  extend  the  va- 
rious lines  drawn  parallel  to  IH  until  they  intersect  LM  at  points  1  to 
13,  as  shown. 

Take  a  tracing  of  LM,  with  the  various  points  of  intersection, 
and  place  it  on  any  horizontal  line,  as  L^  MS  as  shown  by  the  figures 
1  to  13,  from  which,  at  right  angles  to  L*  M\  erect  vertical  lines  inter- 
secting similarly  numbered  horizontal  lines  drawn  through  the  profile 
DE.  Trace  a  line  through  the  points  thus  obtained.  Then  will 
1"— 13"  be  the  true  profile  through  No.  2  in  plan  at  right  angles  to  HI. 

For  the  pattern  for  No.  1  in  plan,  extend  the  line  FK,  as  NO,  upon 
which  place  the  stretchout  of  the  profile  DE  as  shown  by  the  figures 
1  to  13  on  NO.  At  right  angles  to  NO,  and  from  the  figures,  draw 
lines,  which  intersect  with  lines  (partly  shown)  drawn  parallel  to  FG 
from  similar  intersections  on  the  miter-line  FH.  Trace  a  line  through 
the  points  thus  obtained;  then  will  IP  13  be  the  pattern  for  part  1 
in  plan. 

At  right  angles  to  H  I,  draw  any  line,  as  T  U,  upon  which  place 
the  stretchout  of  profile  No.  2,  being  careful  to  measure  each  space 
separately,  as  they  are  all  unequal,  as  shown  by  the  small  figures  1"  to 
13"  on  TU.  Through  these  figures,  at  right  angles  to  TU,  draw  lines 
as  shown,  which  intersect  by  lines  (not  shown  in  the  drawing)  drawn 
at  right  angles  to  I H  from  similar  points  on  the  miter-lines  HF  and  FI. 
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'rruc-f  ii  line  tlinxi^'li  tin-  |n)iiit>  tliiis  nhtaiiinl.     'I'lini  will  \'  W  X  l»e 
the  patttTii  for  part  J  in  plan. 

For  tlir  lialf-pattiTii  for  ]iart  o  iti  plan,  exteiul  tlu*  center  line  A  H 
in  plan  as  H  K,  ti[K)n  wliicli  pla<  e  the  stretchout  of  the  tnie  pmfile  fur 
'.i,  hein^  careful  to  nieitsure  each  space  se|)aratelv,  as  shown  Ijv  the 
lii,'ures  1'  to  V.V  on  BR.  At  ri^ht  angles  to  H  1{  <lra\v  lines  thn>ugh 
the  fi<jures,  which  intersect  hy  lines  drawn  at  rifjht  angles  to  .1  I  from 
similar  j)oints  of  intersection  on  the  miter-line  F  I.  A  line  tracnl 
thn)Uj,'h  points  thus  obtained,  as  1'  S  V.V,  will  l)e  the  half-pattern 
for  part  3. 

DEVELOPMENT  OF-  BLANKS  FOR  CI  RMD    MOl  I.DINCiS 

Our  first  attention  will  he  given  to  the  methods  of  construction, 
it  heing  necessar\'  that  we  know  the  methods  of  constniction  before 
the  blank  can  be  laid  out.  For  example,  in  Fig.  337  is  a  part  elevation 
of  a  dormer  window,  with  a  semicircular  top  whose  j)rofile  has  an  ogee, 
fillet,  and  cove.  If  this  job  were  undertaken  by  a  finn  who  had  no 
circular  mouUling  machine,  as  is  the  case  in  many  of  the  snuiller  shops, 
the  mould  would  have  to  be  made  by  hand.  The  method  of  construc- 
tion in  this  case  would  then  be  as  .shown  in  Fig.  'S.is, 
which  shows  an  enlarged  section  thn)ugh  a  h  in  Fig. 
337.  Thus  the  .strips  a,  /;,  and  c  in  Fig.  338  would  be 
cut  to  die  recjuired  size,  and  woulil  be  nothing  more 
than  straight  strij)s  of  metal,  while  d  iV  would  be  an  v 
angle,  tlie  lower  side  d'  being  notchetl  with  the  .shears 
and  turned  to  the  recjuired  circle.  The  face  strips  <•. 
/,  and  h  would  rcpre.sent  arcs  of  circles  to  correspond 
to  their  various  diameters  obtained  from  the  full-sized 
elevation.  These  face  and  sink  strips  would  all  be 
.soldereil  together,  and  fonn  a  succession  of  scpuire  angles,  as  .shown,  in 
which  theogec,  as  shown  by  i  j,  and  the  c»)ve,  as  shown  by  in,  wouKl  l>e 
fitted.  In  obtaining  the  jiatterns  for  the  blanks  hannnere«l  by  hand, 
the  average*!  lines  would  l»c  drawn  as  shown  by  /.•  /  for  the  ogee  ami 
n  n  for  the  <i)ve.  The  method  or  principle,  of  averaging  tluvse  and 
other  moulds  will  be  e.\plain»'<l  as  we  proceed. 

In  Fig.  339  is  .shown  the  same  mould  as  in  tin-  previous  figure, 
u  dilTcreiit  method  of  construction  ln-ing  eniploy«t|  fn)ni  the  one  ma«le 
by  hand  and  the  onehauunered  up  by  nuichine.     In  nuichine  work  this 
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mould  can  be  hammered  in  one  piece,  8  feet  long  or  of  the  length  of  the 
sheets  in  use,  if  such  length  is  required,  the  machine  taking  in  the  full 


Fig.  338.  Fig.  339. 

mould  from  A  to  B.  The  pattern  for  work  of  this  kind  is  averaged 
by  drawing  a  line  as  shown  by  CD.  This  method  will  also  be  ex- 
plained more  fully  as  we  proceed. 

SHOP  TOOLS  EMPLOYED 
'\^'^len  working  any  circular  mould  by  hand,  all  that  is  required 
in  the  way  of  tools  is  various-sized  raising  and  stretching  hammers, 
square  stake,  blow-horn  stake,  and  mandrel  including  raising  blocks 
made  of  wood  or  lead.  A  first-rate  knowledge  must  be  employed 
by  the  mechanic  in  the  handling  and  working  of  these  small  tools.  In 
a  thoroughly  up-to-date  shop  will  be  found  what  are  known  as  "curved 
moulding"  machines,  which  can  be  operated  by  foot  or  power,  and 
which  have  the  advantage  over  hand  operation  of  saving  time  and 
labor,  and  also  turning  out  first-class  work,  as  all  seams  are  avoided. 

PRINCIPLES  EMPLOYED  FOR  OBTAINING  APPROXIMATE 
BLANKS  FOR  CURVED    MOULDINGS  HAMMERED    BY  HAND 

The  governing  principles  underlying  all  such  operations  are  the 
same  as  every  sheet-metal  worker  uses  in  the  laying  out  of  the  simple 
patterns  in  flaring  ware.  In  other  words,  one  who  understands  how  to 
lay  out  the  pattern  for  a  frustum  of  a  cone  understands  the  principles 
of  developing  the  blanks  for  curved  mouldings.  The  principles  will 
be  described  in  detail  in  what  follows. 

Our  first  problem  is  that  of  obtaining  a  blank  for  a  j)lain  flare, 
shown  in  Fig.  340.  First  draw  the  center  line  A  B,  and  construct  the 
half-elevation  of  the  mould,  as  C  D  E  F.     Extend  D  E  until  it  inter- 
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-.ftt-s  the  oeiitcr  line  A  H  ai  <  i  At  rifjlit  angles  lu  A  H  fnnii  any  {MHiit, 
as  11,  draw  II  1  t-^iual  to  ('  I),  jls  shown.  I  siiifj  II  ils  center,  uiul  with 
II  1  as  ra«liu.s,  ilescrilH"  the  t|iiarter-circle  I  7,  which  i.s  a  section  on 
< "  I ).  Divide  1  7  into  etjual  spaces,  its  shown.  Now  nsiti^  ()  as  center, 
with  radii  e(jual  to  (J  E  and  (}  I),  describe  the  arcs  I)  7'  and  E  E°. 
From  any  point,  as  1',  draw  the  racHal  hue  1'  (I,  intersecting  the  inner 
arc  at  E".     Take  a  stretch«iut  of  the  (piarter-.section ;  place  it  as  shown 
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from  r  to  7';  and  draw  a  line  fi-om7'  to  (I.  intersectin;;  the  inner  arc 
at  E°.  TluMi  will  E^  r  7'  E°  l)c  the  (piartcr-palteni  for  the  Hare  D  E 
in  elevation.  If  the  pattern  is  re<piirc<l  in  two  halves,  join  two  j»itHfs; 
if  rtfinired  in  one  |)icce,  join  four  pieces. 

Ill  Fi;,'.  ."M  I  is  shown  a  curved  mould  whose  pndilc  ciuitains  a  oive. 
To  work  this  jirolilc.  the  Maiik  mii^i  l>c  stre(clu>d  with  the  stretching 
hammer.  Il'r  mnttitm  this  lirrr  sn  that  thr  sludnit  irill  pni/  attrnlitm 
III  till  rtilr  for  ohtaiuinij  pattrnis  fur  stntrlinl  inntiltLs.  First  draw  the 
fciitrr  line  .\  H  ;  al>u  tlic  li;df-c|c\  aliun  of  the  iimuldinj;.  as  (  |)  V.  F. 
|)i\ii|r  flic  cove  I-',  |)  intii  an  c<|ual  iiumlicr  nf  spnctvs.  as  shown  fnm) 
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a  to  e.  Through  the  center  of  the  cove  c  draw  a  Hue  parallel  to  e  a, 
extending  it  until  it  meets  the  center  line  A  B  at  G,  which  is  the  center 
point  from  which  to  strike  the  pattern.  Take  the  stretchout  of  the 
cove  c  e  and  c  a,  and  place  it  as  shown  by  c  e'  and  c  a'.  \Mien  stretch- 
ing the  flare  a'  e' ,  c  remains  stationary,  e'  and  a'  being  hammered  to- 
wards e  and  a  respectively.  Therefore,  from  c  erect  a  vertical  line 
intersecting  H  1,  drawn  at  right  angles  to  A  B,  at  1.  Using  H  as  center 
and  H  1  as  radius,  describe   the   arc   1   7,  which  divide  into  equal 

spaces  as  shown.  With  G  as  center, 
and  radii  equal  to  G  a' ,  Gc,  and  G  e' , 
describe  the  arcs  e"  c" ,  1 '  7',  and  a" 
a".  Draw  a  line  from  e"  to  G,  inter- 
secting the  center  and  lower  arcs  at 
1'  and  a".  Starting  from  1',  lay  off 
the  stretchout  of  the  quarter-section  as 
shown  from  1'  to  7'.  Through  7'  draw 
a  line  towards  G,  intersecting  the  in- 
ner arc  at  a" ;  and,  extending  the  line 
upward,  intersect  the  outer  arc  at  e" . 
Then  will  a"  e"  e"  a"  be  the  quarter- 
pattern  for  the  cove  E  D  in  elevation. 
If  the  quarter-round  N  O  were  re- 
quired in  place  of  the  cove  E  D,  then, 
as  this  quarter-round  would  require  to 
be  raised,  the  rule  given  in  the  former 
Instruction  Paper  on  Sheet  Metal 
Work  would  be  applied  to  all  cases  of  raised  mouldings. 

In  Fig.  342  is  shown  a  curved  mould  whose  profile  is  an  ogee.  In 
this  case  as  in  the  preceding,  draw  the  center  line  and  half-elevation, 
and  divide  the  ogee  into  a  number  of  equal  parts,  as  shown  from  a  to  h. 
Through  the  flaring  portion  of  the  ogee,  as  c  e,  draw  a  line,  extending 
it  upward  and  downward  until  it  intersects  the  center  line  A  B  at  G. 
Take  the  stretchouts  from  a  to  c  and  from  e  to  h  and  place  them  re- 
spectively from  c  to  a'  and  from  e  to  h'  on  the  line  h'  G.  Then,  in  work- 
ing the  ogee,  that  portion  of  the  flare  from  c  to  e  remains  stationary' ; 
the  part  from  e  to  h'  will  be  stretched  to  form  e  h ;  while  that  part  shown 
from  c  to  a'  will  be  raised  to  form  c  a.  From  any  point  in  the  station- 
ary flare,  as  d,  erect  a  line   meeting  the  line  H    1,    drawn  at  right 


Fig.  .342. 
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angles  to  A  H.  at  1.  l^iii^'  II  a>  (riitfr  ami  II  1  a>  ra<liu.s,  tlescrilje 
tlu"  t|imrter-.sec'ti()ii,  and  Miviile  saiiu-  into  tHjual  .spaces,  as  shown. 
With  ( 1  a.s  renter  ami  with  railii  »H|iial  to  ( I  a',  ( 1  </,  and  (i  h',  descrilje 
the  ares  a"  a",  \'  7'.  and  //"  //".  Knuii  /<"  draw  a  line  to  G. 
Starting  at  !'.  lay  otT  the  stretchout  «)f  the  section  its  shown  from  1'  to 
7'.  'rhn)Ugh  7'  draw  a 
line  to  (i,  as  before  de- 
s(ril)e<l.  Then  will  h"  a" 
n"  h"  he  the  cjnarter-pat- 
teni  for  the  ogee  K  D. 

In  Fig.  343  is  .shown 
how  the  blanks  are  de- 
velope<l  when  a  bead 
moulding  is  eniploye<l. 
.\s  before,  first  draw  the 
center  line  A'  B'  and  the 
half-elevation  A  B  C  D. 
.As  the  bead  takes  up  \ 
of  a  circle,  as  shown  by 
a  r  (•  f,  and  a>  the  pat- 
tern for  /  (  will  be  the 
same  a.s  for  r  c,  then  will 
the  pattern  for  c  r  only 
be  shown,  which  can  also 
be  used  for  r  j.  Misett 
(t  r  and  (•  r,  obtaining  ^r/ 
the  points  /*  and  d,  ' 
which  r  c  p  If  >  »•  II  t  ilie  q' 
stationary  |)oints  in  ihf 
|)at  terns.  Take  the 
stretchouts  of  h  to  a  and 
h  to  r,  and  place  them 
a.s  shown  from  /»  to  a'  atid  fn»m  l>  to  r' ;  also  take  the  streti-h»)Uts 
of  r/  to  (•  aixl  ({  to  r,  and  jthice  them  fnmi  '/  to  r'  and  fnun  (/  to  «■'  on 
lines  drawn  parallel  respe«-tively  to  <i  r  and  c  »•  fn>m  |Mtints  h  an«l 
'/  I'',\tcml  the  lines  ,' ,-'  and  r' n'  until  they  intersn-t  the  cvnter 
lim-  A'  H'  at  I',  and  I'  rrspr<'lively.  Fn»m  the  points  />  and  d 
rn-rt    liiic>   intersect ini;   tlie  line   (I    I,   drawn    at   ri^rht    imgle.s    to    .\' 
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B',  at  14  and  1  respectively.  Using  G  as  center,  and  with  radii 
equal  to  G  14  and  G  1,  describe  quarter-sections,  as  shown.  Divide 
both  into  equal  parts,  as  shown  from  1  to  7,  and  from  8  to  14.  With 
E  as  center,  and  with  radii  equal  to  E  c',  E  d,  and  E  e ,  describe  the 
arcs  c"  c",  d  d',  and  e"  e" .  From  any  point  on  one  end,  as  e" , 
draw  a  radial  line  to  E,  intersecting  the  inner  arcs  ate?'  and  c".  Now 
take  the  stretchout  of  the  section  from  1  to  7,  and,  starting  at  d' ,  lay 
off  the  stretchout  as  shown  from  1'  to  7'.  Through  7'  draw  a  line 
towards  E,  intersecting  the  inner  arc  at  c"  and  the  outer  one  at  e" . 
Then  will  c"  e"  e"  c"  be  the  quarter-pattern  for  that  part  of  the 
bead  shown  by  c  e,  also  for  ^ 

e  f,  in  elevation.  For  the 
pattern  for  that  part  shown 
by  a  c,  use  F^  as  center;  and 
with  radii  equal  to  F  a,  F  b, 
Fig.  344.  and  F  c',  describe  the  arcs 
a"  a",  b'  b',  and  c"  c".  From  any  point 
on  the  arc  b'  b' ,  as  8',  lay  off  the  stretch- 
out of  the  quarter-section  8  14,  as 
shown  from  8'  to  14'.  Through  these 
two  points  draw  lines  towards  F\  in- 
tersecting the  inner  arcs  at  a"  c" ;  and 
extend  them  until  they  intersect  the 
outer  arc  at  c"  and  c'.  Then  will 
c"  a"  a"  c"  be  the  desired  pattern. 

In  Fig.  344  is  shown  an  illustra- 
tion of  a  round  finial  which  contains 
moulds,  the  principles  of  which  have  already  been  described  in 
the  preceding  problems.  The  ball  A  is  made  of  either  horizontal 
or  vertical  sections.  In  Fig.  345  is  shown  how  the  moulds  in  a  finial 
of  this  kind  are  averaged.  The  method  of  obtaining  the  true  length 
of  each  pattern  piece  will  be  omitted,  as  this  was  thoroughly  covered 
in  the  preceding  problems.  First  draw  the  center  line  A  B,  on  either 
side  of  which  draw  the  section  of  the  finial,  as  shovni  by  C  D  E.  The 
blanks  for  the  ball  a  will  be  obtained  as  explained  in  the  Instruction 
Paper  on  Sheet  Metal  W^jrk.  The  mould  h  is  averaged  as  shown  by 
the  line  e  f,  extending  same  until  it  intersects  the  center  line  at  h,  c  / 
representing  the  stretchout  of  the  mould  obtained,  as  explained  in  the 


Fig.  345. 
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piipt-r  nil  Slifcl  Mfial  Work.      I  siiif;  //  a.s  cfiittT,  willi  h  f  uiid  h  c  as 
railii.  ilescrilM-  the  hlaiik  })°. 

Ill  tilt'  next  mould,  r  r',  a  seatii  is  locattnl  in  same  us  >hown  l)V 
the  dotted  hue.  'I'heii  avera<;e  ('  liy  the  hue  i  j.  extenchiij?  same  until 
it  ineet-s  the  eenter  liiu-  at  /.•;  also  averafje  r'  hy  the  line  /  m,  extendii^ 
this  also  until  the  center  line  is  intersected  at  u.  Then  /  j  and  /  m 
represent  respectively  the  stretchouts  of  the  mould  r  r' ,  the  hlank-s  v° 
and  c^  being  struck  respectively  frnm  the  centers  A- and  //.  The  inoulil 
/''  //'  also  has  a  seam,  as  shown  hy  the  d(jtted  line,  the  moulds  heinj; 
averaged  hy  the  lines  p  n  and  .s  t,  which,  if  exteiidetl,  iiiterse<-t  the 
center  line  at  r  and  //.  These  points  are  the  centers.  respe<'tiveiy,  for 
striking'  the  hlank-^  l>°  and  /<".     The  llarini:  pieces/  is  struck  from  the 
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center  .r.  with  radii  e<|iial  to  .r  ir  and  .r  r,  thus  ohtaining  the  Maiik  f/°. 

My  referring  to  the  various  rules  given  in  |)revious  j)ntl»leins,  the 
true  length  of  the  blanks  can  be  obtaine<l. 

The  principles  iise<l  for  blanks  hammered  bv  liaiul  can  be  appliol 
tt»  almost  any  form  that  will  arise,  as,  for  example,  in  the  case  sliown 
in  Fig.  34(»,  in  which  A  ami  H  represent  circular  leader  heads;  or  in 
that  shown  in  Fig.  ."{47,  in  which  A  and  M  show  two  stvles  of  balusters, 
a  and  h  liii  both)  representing  the  s(|uare  tops  and  bases.  .Vnother 
example  is  that  of  a  round  finial,  as  in  Fig.  'MX,  A  showing  the  IumuI 
which  slips  over  the  apex  of  the  roof.  While  these  forms  can  be 
Ixdight,  yet  in  some  cases  where  a  special  design  is  bnnigl-.t  out  bv  the 
arcliile<t,  it  is  necessary  that  tlic\  be  made  bv  hand.  esj)eeiallv  when 
but  one  is   rei|iiired. 

The  last  problem  on  liii!id\Mirk  i>  shown  in  l"'ig.  .M'.t  tluit  of 
ol)tainiiig  the  blanks  for  tlic  bottom  of  a  circular  bav.  The  cunixl 
moulding  .\  will  be  liaMiincrcd  bv  hainl  or  bv  machine,  its  will  U*  e.\- 
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plained  later  on,  while  the  bottom  B  is  the  problem  before  us.  The 
plan,  it  will  be  seen,  is  the  arc  of  a  circle;  and,  to  obtain  the  various 
blanks,  proceed  as  shown  in  Fig.  350,  in  which  A  B  C  is  the  elevation 
of  the  bottom  of  the  bay,  UK  being  a  plan  view  on  A  C,  showing  the 


Fig.  347. 

curve  struck  from  the  center  H.  In  this  case  the 
front  view  of  the  bottom  of  the  bay  is  given,  and 
must  have  the  shape  indicated  by  A  B  C  taken  on  the 
line  I  J  in  plan.  It  therefore  becomes  necessary^  to 
establish  a  true  section  on  the  center  line  S  K  in 
plan,  from  which  to  obtain  the  radii  for  the  blanks  or 


Fig.  349.  Fig.  348. 

patterns.  To  obtain  this  true  section,  divide  the  curve  A  B  into  any 
number  of  equal  parts,  as  shown  from  1  to  6.  From  the  points  of 
division,  at  right  angles  to  A  C,  drop  lines  as  shown,  intersecting  the 
wall  line  I  J  at  points  1'  to  6'.  Then,  using  H  as  center,  and  radii 
equal  to  H  6',  H  5',  H  4',  H  3',  and  H  2',  draw  arcs  crossing  the 
center  line  D  E  shown   from   1"  to  6".     At  any  convenient  point 
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u|)[Misiii'  tlif  fnjilt  flt'vation  draw  any  vertical  lint-,  u.s  1'  l'.  Kxteiid 
llif  lini's  fn)in  the  .s|)ace.s  in  tlif  pntfile  A  H  until  they  interseet 
the  vertical  line  T  l'  as  shown.  Now.  measuring;  in  even*'  instance 
fniin  the    point   S    in    plan,  take   the  various  distances   to   tl»e  nuin- 
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ImK.  350. 

herecl  points  in  ])lan  and  place  them   u|>on  lines  of 

similar  nninhers,  measuring  in  every  instance  from 

the   lin«'  T  l'    in    section.     Thus  take  the  distance 

S  K   in   plan,  and  j)lace   it  as  .shown    from  the  line 

'I'  r  to  K' ;  then  iigain,  take  the  di.stance  fn)m  S  to  2" 

in  plan,  and  place  it  as  shown    from  the  line  T  l'   to  J"  on 

line  2  in  .section.     Proceed  in  this  manner  until  all  the  j>oirits 

in    the   true    .section    have  heen  obtained.     Trace  a  line  as 

shown,  when    1"  tu  <i"  to  ^'  will  he  the    true    section   on    ihe 

line  S  K   in  plan. 

It  should  1)1'  luiderstood  that  tiic  u.'^iial  method  for 
making  the  iMittom  of  hays  n)und  in  plan  is  to  divide  the  profile  of 
the  moulding  into  such  parts  as  can  he  hest  rai.snl  or  stretche«l.  As- 
smning  that  this  lias  heen  done,  take  the  distance  fntm  1"  in  plan  to 
the  center  |M)int  II,  and  place  it  a>  shown  from  I"  to  I,  in  .se<'tion. 
From  the  point  L,  drnw  a  vt-rtical  lim*  L  M.  jus  shown.  For  the  pal- 
tern  for  the  mould  I"  2",  averag*'  a  line  through  the  extreme  points, 
as  shown,  and  extend  the  same  until  it  meets  I.  M  at  \.  Then, 
with  N  lus  center,  and  with  radii  «ipnil   to  N  2"  ami  N    l".  »lescriWe 


N 


S80 


258 


SHEET  METAL  WORK 


the  blank  shown.  The  length  of  this  blank  is  obtained  by  measur- 
ing on  the  arc  1'  1"  in  plan,  and  placing  this  stretchout  on  the  arc  1" 
of  the  blank.  The  other  blanks  are  obtained  in  precisely  the  same 
manner.  Thus  P  is  the  center  for  the  blank  2"  3";  R,  for  the  blank 
3"  4";  O,  for  the  blank  4"  5";  and  M,  for  the  blank  5"  0". 

The  moulds    V    2",  2"  3",    and   3"   4"  will   be   raised;   while 
the  blanks  4"  h"  and  b"  6"  will  be  stretched. 

APPROXIMATE  BLANKS  FOR  CURVED  MOULDINGS 
HAMMERED  BY  MACHINE 

The  principles  employed  in  averaging  the  profile  for  a  moulding 
to  be  rolled  or  hammered  by  machine  do  not  differ  to  any  material 
extent  from  those  used  in  the  case  of  mouldings  hammered  by  hand. 
Fig.  351  shows  the  general  method  of  aver- 
aging the  profile  of  a  moulding  in  determin- 
ing the  radius  of  the  blank  or  pattern.  It 
will  be  seen  that  A  B  is  drawn  in  such  a 
manner,  so  to  speak,  as  to  average  the  in- 
equalities of  the  profile  D  C  required  to  be 
made.  Thus  distances  a  and  h  are  equal,  as 
are  the  distances  c  and  d,  and  e  and  /.  It  is 
very  difficult  to  indicate  definite  rules  to  be 
observed  in  drawing  a  line  of  this  kind,  or, 
in  other  words,  in  averaging  the  profile. 
Nothing  short  of  actual  experience  and  intimate  knowledge  of  the 
material  in  which  the  moulding  is  to  be  made,  will  enable  the  operator 


Fig.  352. 

to  decide  correctly  in  all  cases.  There  is,  however,  no  danger  of 
making  very  grave  errors  in  this  respect,  because  the  capacity  of 
the  machines  in  use  is  such,  that,  were  the  pattern  less  advanta- 
geously planned  in  this  particular  than  it  should  be,  still,  by  passing 
it  through  the  dies  or  rolls  an  extra  time  or  two,  it  would  be  brought 
to  the  required  shape. 
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III  Fi^.  3')2  is  shown  a  part  clcvatinii  (if  a  cin-iilar  iiioulciiiig  as  it 
wmihl  occur  in  a  segmental  |>e<liiiiciit,  wimlow  cap,  or  oilier  structure 
arisinj;  in  sheet -in  eta  I  cornice  work.  H  >^hows  the  cun'e«l  iiKtulding, 
joining;  two  hori/.ontal  pieces  A  and  ( '.  the  true  section  «)f  all  the  moulds 
liein^  shown  hy  1). 

In  this  connection  it  may  l)e  proper  to  remark  that  in  practice, 
m>  miters  are  cut  on  the  circular  lilanks,  the  miter-cuts  heiiig  placed  on 
(he  horizontal  pieces,  and  the  cin  iiiar  inouldiiij;  trimmetl  after  it  has 
heen  fonne«l  up. 

In  Fi^.  H'j.'i  is  shown  the  method  of  ohtainin;:  the  l>lank.s  for 
iiiouldiiiiis  curved  in  elevation,  net  matter  what  tlu-ir  radius  or  profile 
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may  he.  First  draw  the  center  line  .\  B,  and,  with  the  desire«l  center, 
IS  H.  descrili*'  the  outer  curve  .\.  .\t  rij^ht  an^'les  to  .\  H,  in  its  pntper 
position,  draw  a  section  of  the  profile  as  shown  l>y  i'  \y  I'nnn  the 
various  meml)ei-s  in  this  section,  project  lines  to  the  center  line  A  H, 
as  1,  2,  ii.  and  1;  and,  usin^  H  as  center,  descrihe  the  various  arcs  and 
eomplctr  the  clcxaiioii  as  >hown  Ity  .\  H  ( '  in  Fij;.  .T>2,  only  partly 
,hown  in  Fi^.  •i'h^.  In  lln"  maniu'r  iicfnre  dexriltnl,  avt-rap'  tlu- 
pmlih'  ('  I>  hv  tin-  linecf/,  extending'  it  until  it  interst-cts  the  line  drawn 
throu);h  the  renter  H  at  rij;ht  angles  to  .\  H.  at  1",.  TIh'ii  F  is  the  center 
fnuii  which  to  strike  tin-  |iattern.  ( 'entrally  on  tlu-  section  ("  |).  estal>- 
lish  «•  on  the  line  r  il,  wlien-  it  iiiterse<ts  the  mould,  and  take  (he 
stretchout  from  r  to  ('  and  fmm  '  to  1>.  and  plac*-  it  lis  shown  rc!i|HH^ 
tivelv  from  r  to  <•  and  fr<im  «   to  </  mi  the  line  r  </.      Now,  iisinj;  F  a,s 


2t)0 


SHEET  METAL  WORK 


V 


ELEVATION 


Fis.   354. 


center,  with  radii  equal  to  E  rf,  E  e,  and  E  c,  describe  the  arcs  d'  d", 

e'  e",  and  c'  c" .     Draw  a  line  from  c'  to  E,  intersecting  the  middle  and 

inner  arc  at  e'  and  d' .     The  arc  e'  e"  then  becomes  the  measuring  line 

to  obtain  the  length  of  the  pattern,  the  length 

being  measured   on   the   arc   2   in  elevation, 

which  corresponds  to  the  point  e  in  section. 

In  Fig.  354  is  shown  the  elevation  of  a 
moulding  A  curved  in  plan  B,  the  arc  being 
struck  from  the  given  point  a.  This  is  apt  to 
occur  ft'hen  the  moulding  or  cornice  is  placed 
on  a  building  whose  corner  is  round.  To  ob- 
tain the  pattern  when  the  moulding  is  curved 
in  plan,  proceed  as  shown  in  Fig.  355.  Draw 
the  section  of  the  moulding,  as  A  B,  A  C  be- 
ing the  mould  for  which  the  pattern  is  desired. 
C  B  represents  a  straight  strip  which  is  at- 
tached to  the  mould  after  it  is  hammered  or  rolled  to  shape.  In 
practice  the  elevation  is  not  required.  At  pleasure,  below  the  sec- 
tion, draw  the  horizontal  line  E  D.  From  the  extreme  or  outside 
edge  of  the  mould,  as  h, 
drop  a  line  intersecting  the 
horizontal  line  E  D  at  E. 
Knowing  the  radius  of  the 
arc  on  h  in  section,  place  it 
on  the  Hne  E  D,  thus  ob- 
taining the  point  D.  With 
D  as  center,  describe  the 
arc  E  F,  intersecting  a  line 
drawn  at  right  angle  to  E 
D  from  D.  x\verage  a  line 
through  the  section,  as  G 
H,  intersecting  the  line  D  F, 
drawn  vertical  from  the  cen- 
ter D,  at  J.  Establish  at 
pleasure  the  stationary 
point  a,  from  which  drop  a  line  cutting  E  D  at  a' .  Using  D  as 
center,  and  with  D  a!  as  radius,  describe  the  arc  a'  a",  which  is  the 
measuring  line  when  laying  out  the  pattern.     Now  take  the  stretch- 


Fig.  355. 
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()iit>   fruiii  a   u>  h  and    from  a  tu  <•,  aiiil  plucf  them  on  tl-e  avemgeti 
line  fn)m  a  Ut  (J   and  fri»in  u  tu  II  respeelively.     I'sing  J  as  center, 
witli  riidii  extending  to  the  variiULs  |K»int>s  O.  a.  ami   H.  descriWe  th' 
arcs  Ci  (I',  a  a"',  and  II  H'.     ( )n 
the    arc    <i'    a'",   the    pattern    is 
niea.sured    to  correspond    to    th«' 
arc  a'  a"  in  plan. 

In  Fig.  3o<)  is  shown  a  front 
view  of  an  ornamental  bull's-eye 
window,  showini;  the  circular 
mould  A  H  ('  |>,  which  in  this 
case  we  desire  to  lay  out  in  one 
piece,  so  that,  when  hammered 
or  rolletl  in  the  machine,  it  will 
have  the  desired  diameter.  The 
same  principles  can  he  aj)j)licd 
to  the  upj)er  mould  K  F,  as  wen- 
user!    in    connection    with    Fi^'s. 

:i.-,2  an.l  ;i.-,;{.  ^'k-  3^^- 

To  obtain  the  blank  for  the  bull's-eye  windinv  shown  in  Fijj.  3.5^ 
proceed  as  shown  in  Fijj.  -Vu.  I-et  .V  H  ('  1)  represent  the  elevatio 
of  the  buir.s-eye  struck  from  the  center  I"'.     Through  K  draw  the  hor 
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/.onfai  :ind  pirpcmlicular  lines  >hown.  In  its  projM-r  position,  draw  a 
scclinn  nf  the  wiiiduu  as  >hi'\sn  l»\  I''  <  i.  riintugh  tlu"  fac«"  of  the 
mould,  as  n  1,  aNcrage  the  line  II'  I',  c\lciiding  it  until  it  intiTsivt-s 
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the  center  line  B  D  at  J.  Where  the  average  line  intersects  the  mould 
at  a,  establish  this  as  a  stationary  point ;  and  take  the  stretchouts  from 
a  to  I  and  from  a  to  H,  and  lay  them  off  on  the  line  H*  P  from  a  to  P 

and  a  to  H^  respectively.  As  1 
5  in  elevation  represents  the 
quarter-circle  on  the  point  a 
in  section,  divide  this  quarter- 
circle  into  equal  spaces,  as 
shown.  Now,  with  radii  equal 
to  J  P,  J  a,  and  J  H',  and  with 
J  in  Fig.  358  as  center,  de- 
scribe the  arcs  H  H,  a  a,  and 
I  I.  From  any  point,  as  H, 
on  one  side,  draw  a  line  to  J, 
intersecting  the  middle  and  in- 


Fig.  358. 


ner  arcs  at  a  and  I.  Take  the  stretchout  of  the  quarter-circle  from 
1  to  5  in  elevation  in  Fig.  357,  and  place  it  on  the  arc  a  a  as  shown 
from  1  to  5.  Step  this  off  four  times,  as  shown  by  5',  5",  and  5'". 
From  J  draw  a  line  through  5'",  intersecting  the  inner  and  outer  arcs 
at  I  and  H.     Then  will  H  a  a  H  be  the  full  pattern. 
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The  siilijrct  of  |)last»riiii^  in  rflation  u>  in  xlcni  <l\v«'llin<js  is 
ntri'S-Siirilv  dividiMl  into  two  srttioiis.  The  first  treats  of  the  phister- 
iiij;  of  walls  on  the  interior  of  the  house;  the  seeond  will  hrit-fly  <le- 
serihe  some  of  the  various  ways  of  fiiiishin*;  in  eenient  |)laster  the 
house  rxtcrior. 

INTERIOR  PLASTERING 

The  installation  of  interior  plasterin;,'  marks  the  division  lietween 
till'  eompletion  of  the  nniijli  irnrh  on  the  residence,  and  the  very 
iH'jjimiinj;  of  the  |)laein«jof  the //»/.v//  that  is  to  follow. 

The  plastering;  eamiot  he  started  until  the  walls  and  eeilini;s 
have  hei'ii  lathed,  and  the  eeilin<:s  must  he  furr(>il  hefore  evi-n  the 
lathing  can  he  hei^uii.  When  the  hiiildinj;  is  ready  for  lailiini^,  all 
of  the  rou<;h  stnddin;,',  framework,  and  partitions  must  he  set  in 
place;  and  the  piping'  and  wirini;  necessary  in  the  plumhin^,  heatinj;, 
lii,'htinj;,  etc..  of  the  duelling,  must  he  installed  and  tested  litfore  the 
lathin>;  or  furrinj;  <aii  Ix-  started. 

The  apj)areiit  hreak  in  the  proi^ress  of  l>uildin<;  necessary  tt)  lath. 
|)la>ter,  and  drvoul  a  house,  need  not  he  altopther  time  lost  f«)r  any 
of  the  various  trades.  Those  imahle  to  resume  work  until  this  inter- 
mediary pnx'css  has  heen  completeil,  can  he  secnrin;;  their  nece.ss;iry 
materials  and  fi.xtures  and  arran;,'in>:  them  ready  for  installation, 
i'he  ear|M'nler  can  lie  ;;ettin^  out  his  mill  work  and  linish.  Im-  n-ady 
to  put  in  his  window-sash,  set  his  standin<;  linish  in  j)lace  an>und 
doors  anil  windows,  hiy  the  upper  floors,  etc.,  and  coniph'te  the 
reinaindir  (if  his  contract.  The  [lainter  and  pa|MTer  then  commence 
their  work;  the  electricians.  |>lumlicrs.  and  heatin;;  contractors  install 
their  .seniee  li.xtun-s,  and  llw  dwelling  is  .s«M>n  n-ady  for  occupation. 

The  studs  of  a  huilditi^  are  spaced  sixtei-n  inch«'s  apart  on  centers. 
.s<»  that  ea<h  lath  receives  four  nailin^'s.  Isach  I'lid  of  (h«-  lath  n-.st.s 
U|)on  the  center  of  a  stud;  and  the  two  inlermeiliale  stu«ls  |)n>vitle 
fiusteiiin^s  at  spaces  ecpiallv  distant   in  its  length.     The  «"eilinp<  art" 
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customarily  furred  to  provide  lath  nailings,  four— and  in  better  work, 
five — nailings  to  the  lath,  with  furrings  seven-eighths  of  an  inch  thick 
and  one  and  one-quarter  inches  or  more  wide,  running  crosswise  of  the 
floor  joists.  This  furring  is  intended  to  level  up  the  bottom  of  the 
joists,  and  distributes  the  unequal  result  of  their  skrinkage  or  uneven 
settlement  from  the  weight  above,  thus  preventing  plaster  cracks. 
Before  beginning  lathing,  the  carpenter  should  see  that  each 
partition,  at  its  intersection  with  another  wall,  is  started  with  a  stud 
nailed  directly  against  the  crossing  studding.  This  makes  it  impos- 
sible for  the  lather  to  run  the  ends  of  his  laths  in  behind  or  over  the 
partitions— a  careless  practice  that  provides  a  very  unstable  internal 
plaster  angle.  The  carpenter  also  sets  plaster  furrings,  three-quarters 
of  an  inch  thick,  around  all  window  and  door  openings  and  around  the 
walls  at  the  height  of  the  top  of  his  base  skirting,  so  as  to  mark  the 
points  where  the  work  of  both  plasterer  and  lather  end,  and  to  provide 
nailings  for  the  finish  woodwork.  It  is  essential  for  the  carpenter  to 
place  any  necessary  furring  for  cornices,  door-caps,  etc.,  before  the 
lathing  is  begun;  also  any  other  furring  blocks  that  may  be  required 
by  the  plumber  to  secure  the  setting  of  his  fixtures  or  to  support  and 
carry  his  pipes. 

LATHING 

Wood  Laths.  Wood  laths  are  put  up  in  bundles  of  100  laths; 
and  are  nailed  upon  the  studdings  of  the  wooden  frame,  with  a  space 
of  one-quarter  inch  between  them.  This  distance  is  sufficient  to 
allow  for  lath  shrinkage  or  swelling,  and  still  provide  a  firm  clinch 
for  the  plastering.  If  the  space  is  much  less  than  this,  the  plaster 
clinch  will  be  weakened.  If  much  more,  the  laths  may  possibly  sag 
down  on  the  ceilings  with  the  extra  weight  of  plaster.  In  no  instance 
should  these  spaces  between  laths  exceed  a  width  of  three-eighths  of 
an  inch. 

The  clinch,  or  key,  of  the  plaster  is  formed  by  the  mortar  being 
pressed  through  the  spaces  between  the  laths  and  then  spreading  out 
back  of  the  laths  upon  both  sides  of  the  crack,  so  forming  a  tie,  or 
clinch,  that  holds  the  mortar  firmly  and  securely  in  place. 

It  occasionally  becomes  necessary  to  lath  on  very  thin  furrings 
to  cover  over  a  heating  pipe,  a  brick  or  iron  support,  or  some  other 
such  exceptional  instance  of  construction.     In  that  case  a  wider  space 
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Itctwicii  tin-  latlis  iii;i\  strrti}^tlini  tlic  plaster  olinrli;  or.  iMtti-r  still, 
:t  >tri[i  nf  rxpaiidcil  im  tal  may  Im*  lisnl  nvrr  nr  arDiiiid  mkIi  olistnif- 
tinris. 

'1  he  Id-st  wooden  latlis  are  iiiade  of  pine  or  spriH  c,  and  are  only 
partially  seasone*!.  'I'liey  slionld  l>e  free  from  sa[).  Iiark,  and  dead 
knots.  Both  hark  and  knots  are  likely  to  loosen  from  tlu-  snrroiind- 
in^  wood  and  so  destroy  the  hold  of  tlu-  j)laster;  while  the  face  of  the 
|)laster  is'  oceasionally  .stairn-il  from  pitehy  knotholes,  hark,  or  .siip. 
All  laths  are  now  maehine-sawn.  The  old-fashioned  split  lath  has 
not  heen  in  the  market  for  n«iw  more  than  iiftv  vears. 

If  the  laths  are  too  dry,  the  wet  mortar  is  likely  to  cause  them  to 
warp  an<l  twist;  an<l  if  it  hardens  or  .sets  liefore  the  laths  iM-eome 
.saturated,  their  swelling;  is  liki-ly  to  produce  parallel  plaster  cracks. 
Better  results  can  he  ol)taine<l  hy  usin;^  wet  laths,  when  hoth  mortar 
and  laths  dry  out  tofjether. 

In  specifying;  the  nailing' of  wood  latlis,  it  is  .sometimes  th<iu>,'ht  to 
ensure  hctter  work  if  two  nailinj^s  are  reiiuin-ij  at  each  end  of  the  lath, 
either  upon  the  eeiliiif;  alone  or  upon  hoth  wall  and  ceilini;.  It  is  more 
than  douhtful  if  this  re<|uirement  produces  the  desiri'd  result,  as  two 
luiils  in  the  lath  end  are  likely  to  start  a  sj)lit,  which  may  he  increa.setl 
hy  the  pressure  nece.s.sary  in  applyinj;  the  mortar,  until  the  entire  end 
of  tlu-  lath  is  partially  or  wholly  loo.sened  fn)m  its  sup|K)rt  In'fon'  the 
pla.sterin^'  is  all  U|)on  the  wall.  Lar<;e  lath  nails,  instead  of  makirifj 
the  work  more  .secure,  weaken  it  in  the  .same  way.  The  ct)nun«)n- 
sized  ineh-and-<>ne-eii,'hth  lon<; — "three-penny  line" — nails  fasten  the 
laths  .s<eurely,  even  the  ceilin<;  nails  rarely  pullin<j  out.  .\lM)ut  live- 
|)ounds  of  nails  will  he  nece.s.sary  to  each  one  thou.s;ind  laths. 

The  joints  of  laths  are  ordinarily  hroken  every  ei<,'ht  courses. 
This  means  that  not  more  than  ei^'ht  adjoininj;  lath  ends  an*  naiK'<l 
u|M)n  one  stud  or  furring',  the  next  »-i^'ht  laths,  in  \hA\\  directions,  U'in^ 
carri«H|  hy.  endin;;  u|)on  the  next  wall  stud  or  ceilin<;  furring  to  either 
rij,'ht  or  left,  thus  alternalin;,' the  hn-ak  and  ohviatinjj  the  |K).ssihi|itv 
of  an  exti-nded  crack  <iccurrin^'  at  tlu-  line  of  lath  jointun-.  Some 
lathers  lind  a  small  handfid  of  thes*-  laths  more  convi-nient  to  hantlle 
than  a  lar;,'er  hmulle,  in  which  case  it  is  simpler  and  easier  for  tin  in 
to  hreak  joints  every  six  laths  whi<h  is  ei|uallv  j^ikkI  constniciion. 
( )ccasir)tudly  stuchlinj;  is  placed  twelve  incluvs  apart,  and  the  lath 
joints  hroken  for  every  oihir  lath.     .'~^ueh  precautions.  howi\«T.  are 
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not  necessary  in  the  ordinary  dwelling.  They  increase  expense;  and 
the  closer  spacing  of  the  studs,  especially,  provides  more  undesirable 
weight  to  be  carried  by  the  house  frame. 

Wherever  the  wood  studding  of  partitions  comes  up  against  the 
brickwork  of  chimneys  or  a  terra-cotta  or  brick  wall,  strips  of  expanded 
metal  or  wire-mesh  lath  should  be  employed,  extending  seven  or  eight 
inches  over  upon  either  side  of  such  a  joint;  and,  if  such  a  joint  occurs 
in  an  internal  angle,  future  cracking  from  a  difference  in  settlement  or 
shrinkage  may  be  prevented  by  cutting  through  each  plaster  coat, 
when  soft,  with  a  sharp  trowel. 

Metal  Lath.  Of  late  years  many  varieties  of  metal  lath  have  been 
placed  upon  the  market.  The  use  of  such  lath  is  generally  required 
on  boiler-room  ceilings,  and  in  other  places  exposed  to  strong  artificial 
heat.  Many  varieties  of  metal  lath — including  all  those  made  of  wire 
— require  supports  at  closer  intervals  than  is  provided  by  the  studding, 
nine  inches  being  generally  considered  the  best  distance.  This  necessi- 
tates either  a  closer  spacing  of  studs  than  is  otherw-ise  necessary  or 
desirable,  or  a  series  of  furrings  fastened  to  the  wall  studding. 

There  are  some  metal  laths — generally  those  made  on  the  expanded 
principle — that  are  sufficiently  stiff,  in  one  direction,  to  allow  of  a  spac- 
ing of  supports  greater  than  nine  inches;  but,  for  ordinary  wire  cloth, 
no  wider  distance  should  ever  be  allowed,  unless  the  cloth  is  itself 
artificially  stiffened.  All  metal  lath  should  be  securely  fastened  by 
staples,  and  stretched  before  nailing,  to  increase  its  stiffness  as  much 
as  possible. 

In  using  metal  lath,  care  should  be  taken  to  prevent  plaster  cracks 
along  the  line  of  jointure.  The  use  of  metal  lath  also  requires  three 
coats  of  plaster,  in  order  to  stiffen  the  lath  sufficiently  to  resist  the 
pressure  required  to  finish  the  last  coat. 

Lathing  and  plastering  are  generally  estimated,  and  the  various 
materials  are  all  figured,  by  the  square  yard.  In  small  work,  no  open- 
ings are  deducted  unless  they  exceed  sixty  square  feet  in  area.  In 
figuring  up  plaster  by  quantity,  when  openings  are  allowed  for,  it  is 
sometimes  customary  to  add  half  of  the  contents  when  measuring 
closets ;  while  small  triangular  wall  pieces  are  figured  as  though  square, 
in  order  to  make  up  for  the  extra  amount  of  labor  required  in  plaster- 
ing such  restricted  or  odd-sized  surfaces. 

The  use  of  expanded  metal  or  wire  lath  is  frequently  demanded 
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hy  the  buildinj;  laws  of  sonif  ritits.  ami  is  always  n*<|uirf4l  on  a  fire- 
proof or  HrstH'lass  huildiiif,'. 

Sevenil  makes  of  piaster  huunl  are  in  the  market  and  Ikmh^ 
extensively  advertised.  They  eomc  in  ei;:ht  inch  wid*-  ImkihIs  or 
lartjc  sheets  of  'A'2  \>y  'M\  inehes,  and  are  naile«l  ilinctly  ujhmi  the  wall 
fniminij.  One  eoat  of  plaster- -in  three-coat  work -may  then  Ik* 
dispensed  with.  These  hoards  save  time,  heinj;  rapidly  .set  in  place 
even  hy  unskilUnl  carjM-nters,  and  the  plaster  it.self  <irys  out  much  more 
rapiillv.  They  are,  however,  fre<|Ucntly  the  canse  of  cracks  that 
appear  in  the  finished  plaster  where  the  e<l<;es  of  the  lK)anls  ct>me 
together — sfimetimes  even  after  the  wall  has  heen  papered. 

PLASTER  MATERIALS 

Plaster  is  principally  ct)mp().sed  of  liiiic,  .v««f/,  hair,  and  irairr. 

Lime  is  obtained  in  different  sections  of  the  country  from  calcine<l 
limestone,  the  carbonic  acid  and  moi.sture  contained  in  the  stone 
being  driven  oil"  by  tlie  burning  process.  The  w  hole  theory  of  plaster- 
ing is  ba.sed  uj)on  the  ri-duction  of  limestone  to  lime,  antl  its  chemical 
recombination,  when  distril)Uted  U[)on  the  walls  of  a  house,  into 
.something  a|)prnacliing  its  original  statj'.  The  slakiiif/  of  the  lime 
provides  the  moisture  necessary  for  the  process  of  crystallization  that 
pnxluces  the  .set  of  the  mortar;  while  the  .sole  purj)o.se  of  ai)plying  it 
ujion  the  wall  in  several  coats  is  to  j)re.sent  that  much  more  .surface 
to  absorb  the  carl>onic  acid — of  which  it  was  originally  dejjrivnl  in 
burning — from  the  air.  The  thiimer  thi'  coats  and  the  larger  their 
total  ex[Hxsed  surface,  the  greater  the  absorption  of  this  strengthening 
constituent.  For  this  reason-  and  solely  for  this  reason — is  three- 
coat  plaster  work  to  be  considered  as  better  than  two. 

l'ro|H'rly  burnt  lime  slakes  easily  and  completely,  when  water  is 
added,  until  it  is  convi-rted  into  a  line  dust,  which,  in  its  turn,  is 
moistene«l  and  turned  into  a  paste  under  action  of  the  wiiter,  which 
bubbles  and  hisses  with  the  heat  generate*!  by  the  pmcess.  'I'his  is 
w  hat  is  calle<l  the  alakiiKj  of  linie.  \'ery  rich  and  pure  lime  the  U'st 
fur  plastering-  increases  to  about  twic«'  its  original  bulk  by  U'ing 
slaked,  and  is  then  almost  |)ure  whit*-  in  color,  l.ime  .should  always  Ik* 
as  fresh  as  |)ossible,  and  nuist  be  delivereil  in  lightly  seahtl  Iwirn-ls. 
Care  should  also  Ih-  taken  t<>  a.scertain  that  it  has  Urn  I  ui  met  I  with 
wiiuil  and  not  svitb  inal. 
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Sand  is  broken  or  rotten  rock  which  has  become  decomposed 
spontaneously  or  by  the  action  of  running  water.  That  made  by 
running  water,  or  from  stones  worn  small  by  rolling  over  and  over 
upon  the  beach,  is  composed  of  particles  so  nearly  round  in  contour 
and  so  lacking  in  angularities  of  surface  that  they  are  not  good 
material  for  mixing  in  any  mortar  where  strength  is  a  requisite  or 
necessity.  The  particles  of  rotten  rock  decomposed  by  exposure 
are  better  adapted  to  make  good  sand  for  mixing  with  mortar,  their 
shape  being  more  irregular,  with  many  sharp  and  angular  corners. 
Sand  obtained  from  ledge  stones  contains  the  essential  elements  of 
those  stones,  quartz,  feldspar,  and  mica  being  present  in  granite 
formations,  and  lava,  obsidian,  etc.,  in  volcanic  sand.  The  sand 
coming  from  the  softer  stones  is  generally  more  thoroughly  disinte- 
grated, being  frequently  so  rotten  as  to  be  entirely  unsuitable  for  use 
in  plastering.  In  most  parts  of  the  country  the  principal  supply  of  sand 
now  comes  from  the  beds  of  ancient  lakes  or  rivers,  and  is  called  pit 
sand.  True  sand,  no  matter  how  fine,  may  always  be  distinguished 
from  dust  by  dropping  it  into  a  glass  of  water,  as  it  will  invariably  sink 
to  the  bottom  without  leaving  any  appreciable  dirt  upon  the  surface. 

For  plastering  purposes,  sharply  angular  sand  is  not  absolutely 
essential.  Good  river  sand,  the  coarser  the  better,  is  obtained  so  easily, 
and  is  so  clean  and  free  from  dirt,  clay,  and  earth  stains,  that  it  is  most 
generally  employed  for  plaster. 

The  third  necessary  constituent  is  hair.  The  best  hair  upon  the 
market  is  cattle  hair  obtained  from  the  tanneries.  The  hair  should  be 
of  good  length;  and,  if  too  lumpy  or  clotted,  it  should  be  separated  by 
soaking  in  water  the  day  before  mixing  it  with  the  mortar,  as  this 
method  of  separating  the  hair  is  less  dusty  and  more  healthful  than 
beating  or  whipping  it  dry  to  obtain  the  same  result. 

Occasionally  brick  dust  is  added  to  the  mortar  for  coloring,  when 
it  is  likely  that  the  mortar  will  set  more  rapidly — especially  if  the  dust 
is  mixed  in  shortly  before  using  and  is  dry  at  the  time  of  mixing.  All 
brick  dust  should  be  sifted  through  a  fine  sieve.  Besides  brick  dust,  a 
variety  of  colorings  for  mortar  are  used — such  as  lampblack,  ivory 
black,  powdered  charcoal,  Spanish  brown,  raw  umber,  burnt  umber, 
red  aniline,  Venetian  red,  Indian  red,  vermilion,  ultramarine  blue, 
indigo  blue,  chrome  yellow,  and,  occasionally,  pulverized  clay. 
Mineral  colors   should  be  preferred  to   earth  colorings.     The  latter 
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wtal.i  n  I  lie  plaster,  ami  fade  rapiilly.  Variously  «>lorctl  samls 
-  wliiii  tlu'V  eaii  l)e  ohtaiiietl  make  tin-  U-st  ami  most  diiraWle  nui- 
terials  |M)ssible  for  tintiii<j  the  final  plaster  coat. 

It  is  imjM)ssil)le  to  state  ari»itrary,  set,  hanl-aml-fa.st  pn)portioii.s 
fur  the  mixiii|j  of  plasti-riiij^  for  either  exterior  or  interior  work.  The 
(iilferent  makes  of  lime  ami  <;ra<les  of  sand,  alone,  vary  sufficierttly 
to  make  any  such  statements  exeeedin<;ly  ina«lvisal)le;  while  tlu'  pur- 
pose and  eonditions  under  which  the  plaster  is  to  Ijc  u.sed,  fre<juently 
occasion  consiilerahle  chan<^es  in  its  proportions. 

"Working"  the  Lime.  The  Krst  process  in  the  making  of  plaster 
is  the  slakhifj  of  the  lime.  This  consists,  as  already  .saiil,  in  simj)ly 
n-ducinj^  tl»e  hard,  brittle  lumps  of  its  orij^inal  form  to  a  sm(K)th  paste 
hv  mixing  it  with  water.  It  is  of  the  utmost  imj)ortance  that  the 
lime  .should  he  entirely  and  completely  slaked,  and  the  j>aste  stn(M>thly 
an<l  evenly  worlcrd,  before  addin<;  any  of  the  other  iiif^redients. 

The  lime  is  slak«'d  in  a  inorfar-lml,  a  box  of  boards  about  4  feet 
wide  and  7  feet  lon^.  and  a  foot  to  eii^htc(>n  inches  hifjh,  .set  in  .some 
convenient  location  with  its  bottom  about  levelwith  the  top  of  a  .second 
b(»x  placed  at  one  end,  and  about  two  feet  lower  in  ^rade.  Hoth 
mortar  and  lime-slakinj;  beds  .should  have  ti^ht  bottoms  ami  stronj; 
sitles,  wi-ll  brac<'d  to  resist  the  j)re.ssurc  that  will  come  upon  them 
when  they  are  full.  A  ([uantity  of  .sand  already  .scrt-ened  should 
also  be  near  at  hand.  Poorly  .screened  .sand  later  cau.ses  extra  trouble 
and  work.  (Jravel  in  t!ie  mortar  delays  workmen  while  plasterinj; 
iind  iloatinj;,  and  nnich  ^'ood  plaster  material  will  b«-  lost  in  hurriedly 
throwinj^  or  pickinj^  out  these  <;ravel  stones  in  the  ru.sh  of  ajijjlyinj;  the 
mortar  on  the  wall. 

The  barn-l  linie  is  emptied  into  the  upper  box.  ami  water  is 
|»ouro«l  on  while  a  workman  bn>aks  up  the  lum|)s  and  works  the  mass 
liack  and  fitrlh  in  various  directions  with  a  hoe.  The  thon»ui;h  work- 
inj;  of  the  material  at  this  stap-  is  necessary  to  tMisure  its  complete  slak- 
ing,'. The  tendencN  (»f  the  careless  workman  is  to  hoe  back  and  forth 
in  the  center  of  the  bed  without  any  re^ird  as  to  whelluT  In-  is  stirrin;; 
up  the  mortar  that  is  down  on  tin-  bottom  boards, or  whether  the  c«)rni'rs 
are  drawn  into  the  mixture  itnd  worki-d  as  evenly  as  the  remainder  of 
the  Im»x.  If  the  paste  is  not  lhorou;,'hly  and  «'v«-nly  worki-*!  to  an  eipial 
eon.si.steiicv  throu^lu)Ul,  if  the  water  is  not  conduele<l  to  «'very  jiarlii'le 
of  lime,  or  if  the  other  in^^n-dients  are  mixed   in  bcfon-  the  pasli-  is 
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evenly  prepared,  the  lime  will  be  apt  to  blister  and  slake  out  unevenly, 
causing  trouble  after  it  is  upon  the  wall.  If  the  corners,  for  instance, 
are  imperfectly  mLxed,  lumps  of  clear  lime  will  afterward  appear. 
Many  of  these  lumps  will  pass  unnoticed  under  the  hoe  of  the  work- 
man tempering  the  mortar,  and  will  not  be  found  until  they  are  flat- 
tened out  under  the  wall  trowel  of  the  plasterer. 

If  too  much  water  is  used  in  slaking  the  lime — especially  if  a  too 
great  amount  is  added  at  once — the  pile  is  chilled  and  forms  into  lumps 
that  slake  too  tardily.  If  too  little  water  is  added,  the  lime  is  left  so 
dry  (burns,  as  the  plasterers  call  it)  that  many  small  particles  entirely 
fail  to  slake  through  lack  of  sufficient  moisture.  When  too  much 
water  drowns  the  lime  in  the  first  place,  it  becomes  so  thoroughly 
chilled  that  a  considerable  portion  of  its  strength  is  lost;  and  the  proc- 
ess of  slaking  is,  by  the  very  excess  of  water,  much  retarded.  The 
process  is  also  slowed  up  if  very  cold  water  is  added,  although  the 
water  soon  becomes  heated  from  the  reaction  of  the  lime.  At  the 
start,  just  enough  water  should  be  put  on  to  initiate  the  slaking  process. 
After  this,  as  the  slaking  proceeds,  more  water  should  be  added  as 
needed,  taking  care  to  keep  the  lime  thoroughly  moist  at  all  times. 
A  very  active  and  quick  slaking  lime  should  be  covered  with  water 
from  the  very  beginning,  to  guard  against  the  possibility  of  burning. 
If  the  lime  once  burns,  it  will  afterward  be  impossible,  by  any  amount 
of  working,  to  get  out  all  the  fine  lumps  that  are  then  caused.  Rich 
lime  will  afterwards  work  cool,  is  little  likely  to  crack,  and  bears 
troweling  when  being  finished,  without  the  surface  peeling  off,  blister- 
ing, or  staining. 

If  lumps  of  unslaked  lime  escape  through  the  screen  when  the 
lime  is  run  off,  and  get  mixed  into  the  mortar,  it  becomes  very  difficult 
to  eradicate  them  afterward.  It  is  not  possible  for  the  plasterer  to 
get  these  lumps  out  of  the  mortar  when  working  it  on  the  wall;  and 
the  results  of  their  afterwards  slaking  out  will  continue  to  appear  long 
after  the  house  is  finished.  If  they  occur  in  the  first  coat,  at  various 
times  after  the  work  is  completed — frequently  extending  throughout 
the  entire  first  year — these  lime  lumps  will  suddenly  blow  or  expand, 
forcing  out  the  surface  plastering  outside  them  and  making  a  large 
blister  or  lump,  generally  about  an  inch  in  diameter,  which,  if  upon 
the  ceiling,  almost  invariably  falls  off.  If  this  unslaked  lime  gets  into 
the  final  coat,  much  the  same  result  occurs,  although  the  particles 
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an-  of  necessity  smaller  in  size.  Instead  of  l)eing  larpe,  the  resulting 
holes  an*  then  eoniparativcly  Miiall,  running  generally  alxiut  the  size 
of  the  head  of  a  pin,  an<l  the  entire  surface  of  the  plastering  Ls  fre- 
quently pitted,  the  particles  thnnvii  off  appearing  alxnit  the  room  in 
the  shajH'  of  a  white  dust. 

Ill  the  l)n)\vn  rough-eoat,  the  s{K)ts  of  white,  unslaketl  liuje  are 
tjuite  ea.sy  to  see,  as  they  are  often  the  size  of  a  U-an  or  |x-a.  How- 
ever, in  the  final  white  coat,  the.se  spots,  In-ing  smaller  and  of  the  same 
color  as  the  rest  of  the  mortar,  do  not  show. 

After  it  has  once  hegun  to  warm  up,  the  lime  .shoultl  In-  work*^] 
or  stirred  thoroughly  during  the  |)rocess  of  slaking,  mt  that,  after  the 
action  has  l>een  completed,  it  will  he  (jf  the  consistency  of  a  pasty 
cream.  After  slakijig,  the  lime  should  he  run  off  through  a  fine  sieve 
(No.  5  screen)  put  at  the  end  of  the  slaking  bo.x,  into  the  ne.xt  lower 
comj)artment,  or  mortar-hed.  Tlii'  screen  is  intended  to  keep  out  any 
lime  lumps  too  large  to  slake  Itefore  the  mortar  is  use<l,  or  anv  flinty 
settlement  that  may  he  fountl  in  the  lime,  and  to  allow  only  a  pure  and 
thoroughly  mixed  hydrate  to  he  ailmitted  to  the  bed. 

When  drawing  or  running  off  the  lime,  a  large  supj)ly  of  sand 
alreaily  .screened  .should  he  at  han«l  to  scatter  in  the  lM)ttom  of  the 
mortar-hed  and  to  u.se  for  stopping  leaks  that  niav  appear  jus  the  Ixtx 
gradually  fills.  This  .screened  .sand  siiould  lie  .suflicient  in  amount 
to  complete  the  mortar  mixture.  .\n  ample  su|)ply  of  water,  either 
in  barrels  or  in  hosi'  j>ipeil  from  a  hydrant,  should  alsn  he  ready  at 
hand — to  avoid  any  j)ossil»ility  of  the  lime  burning. 

For  the  piitii/  OT  finish  coaf,  the  |)aste  should  be  made  even  thinner 
before  ruiuiing  off,  and  may  be  of  the  consistency  of  milk.  The  sieve 
through  which  it  is  sfraiiie<l  should  also  be  finer,  of  alxiut  tlu-  nioli 
of  an  nrdiiiary  fidur  or  nual  scncii.  Tlie  j>astc  fur  this  i-uat  is  often 
obtained  by  ruiuiing  oil"  the  lime  a  secuiid  time,  as  by  this  means  a 
cooler  working  putty  is  seeim-il. 

The  length  of  lime  that  iiiorlar  for  plastering  should  be  mi\i'«| 
before  being  used,  is  a  liiucli-discussed  ipiestion.  It  is  geiiendly 
stated  in  architectural  s|>ecilicafions,  that  "the  mortar  should  Ik* 
niixid  ten  days  <ir  two  weeks  before  using."  .\s  a  matter  of  fa»-f,  this 
re<|iiireiiieiil  is  not  always  either  wise  or  desirable.  It  is  true  that,  in 
old  Miiglish  work,  lime  mortar  was  left  eoven-d  over  with  earth  to 
stand  for  long  peri<M|.s  of  time,  ofim  si\  months  to  three  years  elapsing 
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before  it  was  used.  In  this  country,  such  slow-going  methods  are  no  t 
to  be  expected.  While  lime  does  gain  in  strength  by  standing  in  this 
thin  putty  state  before  sand  or  other  materials  have  been  mixed  with  it, 
yet  three  or  four  weeks,  at  the  least,  are  necessary  before  the  increase 
becomes  very  apparent.  It  is  also  necessary  that  the  paste  should 
remain  moist,  by  being  kept  covered  all  the  time.  At  the  end  of  the 
fourth  month  its  strength  will  have  increased  about  one-fifth,  and 
most  of  this  gain  has  been  made  during  that  month.  From  then  on 
the  gain  continues,  but  gradually  decreases  in  amount. 

It  is  more  economical  for  the  plasterer  to  use  a  lime  that  has  been 
slaked  for  some  weeks,  as,  when  tempered  down,  it  will  work  freely  \ 
with  the  admixture  of  a  much  larger  proportion  of  sand  than  is  taken 
up  by  lime  mixed  as  soon  as  it  can  be  readily  worked.  This  extra 
amount  of  sand  does  not  add  to  the  strength  of  the  mortar;  but,  as  it 
causes  the  lime  to  cover  a  greater  surface,  it  is  a  considerable  economy 
for  the  contractor,  made,  however,  at  the  expense  of  the  quality  of  his 
work. 

Lime  mortar  need  be  left  standing  only  long  enough  for  all  its 
particles  to  be  thoroughly  slaked,  and,  if  properly  mixed  and  wet 
down  in  the  first  case,  a  great  deal  of  time  need  not  be  required  to 
effect  that  result.  This  once  secured,  the  quicker  the  mortar  is  mLxed 
and  put  upon  the  building,  the  better  and  stronger  will  be  the  plastering 
that  is  obtained.  It  is  further  claimed  that  the  accompanying  loss  of 
limewater  is  also  very  harmful,  as  this  water — from  the  properties 
which  it  has  already  absorbed  from  the  lime — is  much  better  suited 
for  carrying  on  the  process  of  mixing  than  newly  added  clean  water. 
Yet,  if  the  lime  has  been  long  standing,  it  may  be  necessary  to  add  clean 
water  to  replace  the  water  lost  by  evaporation  or  seepage,  although 
mortar  mixed  with  clean  water  never  becomes  so  hard  as  that  mixed 
with  the  water  obtained  in  slaking  the  lime. 

The  sand  and  hair  are  next  added,  the  hair  being  put  in  before 
the  mortar  becomes  too  stiff  to  work  readily.  After  the  sand  is  mixed, 
the  mortar  should  not  be  left  to  stand  for  any  length  of  time,  as  it 
would  become  considerably  set  and  a  loss  of  strength  would  result. 
If  the  mortar  does  become  set  in  the  bed, reworking  woitld  be  necessary 
before  it  could  be  put  upon  the  walls.  The  strength  then  lost  bears 
a  direct  relation  to  the  length  of  time  it  has  stood,  and  the  solidity  it 
has  attained,  before  this  final  working  up. 
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III  plastfriii^  mortar  wlifn-  liair  is  nHiuirf*!,  a  still  further  Ioms  of 
strnif^tli  WDiilil  rt'siilt,  as  tlu'  hair  would  Ik-  mj  nitttil  or  t-aten  by  its 
loiiij  cxiMwiirr  to  tlu'  action  of  the  Wft  liim-  as  to  Ix-  almost  or  (|uite 
worthlfss.  Thf  hair  cannot  \v«-II  Iw  mix«-<l  «'Vi'iily,  cxct-pt  at  the  time 
when  the  mortar  is  first  run  olT,  while  it  is  in  a  verv  thin  pasti-.  If, 
after  a  lime-an(l-san<l  mixturv  ha«l  iK-eii  stan(lin<;  for  some  months,  it 
were  atteni|)te«l  to  hrinj^  it  to  a  siiflieiently  fluid  state  t<j  n-eeive  the 
hair  j)n)|>erlv,ljy  wettiii};  it  <lown  a  second  time,  a  considerahle  pro|>or- 
tion—  varvinfj  from  a  (|tiarter  up  to  tJmost  a  hall-  -of  its  strength  would 
Ik-  siicrificed. 

Hearing  these  facts  in  mind — once  certain  that  the  lime  is  slake<l-  - 
it  would  appear  better  that  not  more  than  a  week  should  elapse  iK-fcire 
the  use  of  this  mortar;  and  a  less  time  than  that  is,  under  many  circum- 
stancr.s,  undoubtedly  desirable.  It  is  evi<leiit  that  no  more  lime-aiiil- 
sand  mortar  should  be  mixed  at  one  time  than  can  be  used  within  a 
few  days  at  the  most.  The  lenfjth  of  time  that  mortar  should  Ik- 
allowed  to  stand,  is  detennined  more  or  less  by  the  dryness  or  moisture 
of  the  atmosphere.  The  dryer  the  atniosphen-,  the  shorter  tlie  time, 
as  the  .settin<;j  of  the  mortar  is,  in  part,  a  clirniic  a!  nsuli  of  the  dryini; 
out.  or  eva|)oration,  of  tlu-  iratir  dJ  cri/slallizalioii,  as  it  iseallnl. 

It  has  alreatly  l)een  said  that  limes  made  in  ditfereiit  parts  of  the 
country  vary  extensively  in  their  eheniical  composition  and  projH'rties. 
A  knowli'<l;^e  of  the  chemical  comj)ositioii  of  lime  mortars  an<l  the 
individual  peculiarities  of  the  lime  locally  used,  is  ni'ce.s.sary  In-fort' 
applying  or  atti-mptinj;  to  utilize  the  |>rinciples  here  set  forth.  In 
the  eastern  part  of  the  I'nited  .*^tal«'S,  the  limes  fre(|uently  c«)iitain  from 
a  third  to  a  half  of  carbonate  of  ma;;nesia;  and  the  mortar  in  which 
such  limes  are  employed  .sets  very  readily. 

To  .sum  up.  the  lime  should  be  slaked  as  evenly  and  thoroiij^hly 
as  iMt.ssible.  It  should  be  niii  olV  from  (he  slaking  bed  throiij^h  a  liii'* 
si<'ve  into  the  niortar-i led  It  .sIhmiIiI  lie  (here  no  lontjer  than  is  ab.so- 
lutelv  ne<-e.ss;iry;  ami  if  it  <oiild  lie  jtossiiilt-  to  add  the  hair  and  .sind 
while  tin-  original  mixture  is  siifrniently  moist  to  take  up  and  work 
the  entire  amoimt  of  (he  la((er  material  to  In-  adilid,  (he  resulting 
mixture  would  nndoiibledly  In-  (lia(  iiiikIi  (he  .s(roii;;(r  and  inon* 
diirablf. 

^^i\il^4  (he  N\nrtar,  The  aiiii>iiii(  of  .sjiml  t«»  U-  mix«'tl  in  with 
till   Imie  paste  is  a  varial'le  (|iiaii(ity,  depending:  ujMin  the  .siml  itself, 


307 


12  PLASTERING 


upon  the  quality  and  thickness  of  the  lime  paste,  and  also  upon  the 
nature  of  the  work  for  which  the  mortar  is  intended.  With  excep- 
tionally rich  limes,  sand  to  the  amount  of  about  two  times  the  bulk 
of  the  lime — measuring  the  slaked  lime  in  the  form  of  a  rather  firm 
paste — may  be  added.  As  will  be  seen,  this  is  a  most  uncertain  propor- 
tion, for  a  great  deal  depends  upon  the  firmness  of  the  lime  paste  alone. 
Allowing  for  variation  in  size  of  the  lumps  of  lime  and  their  closer  or 
looser  packing  together,  it  may  perhaps  be  better  to  say  that  the  sand 
should  bear  a  relation  to  the  lime,  before  it  is  slaked,  of  from  three  to 
four  and  one-half  times  its  bulk. 

The  richer  the  lime  and  the  finer  the  particles  of  sand,  the  more 
of  the  latter  should  be  employed,  although  the  finer  sand  does  not 
make  as  hard  or  as  good  mortar  as  the  coarser  variety.  If  both  are 
clean  and  sharp,  the  finer  and  coarser  varieties  of  sand  may  be  mixed 
together  with  good  results.  Most  laborers  are  apt  to  stop  adding  sand, 
merely  because  the  mortar  mixture  becomes  hard  to  work  when  the 
paste  becomes  too  thick.  This  is  poor  policy,  inasmuch  as  the  mix- 
ture becomes  much  harder  to  work  when  the  tempering  is  partly  com- 
pleted, a  day  or  two  later. 

The  fineness  of  the  sand  is  an  important  factor.  A  rather  coarse 
as  well  as  sharp  sand  is  considered  best,  as  the  amount  and  capacity 
of  the  voids  left  in  such  a  mixture  would  be  of  such  size  as,  without  any 
doubt,  would  provide  space  to  contain  lime  sufficient  to  cement  this 
granular  mass  very  firmly  together.  The  close  pressure  and  contact 
of  the  sand  particles  would  also  lessen  the  possibility  of  settlement  or 
shrinkage,  with  accompanying  map-cracks.  The  hair  may  be  mixed 
in  either  before  the  adding  of  the  sand  or  when  but  a  very  small  pro- 
portion of  the  latter  has  been  worked  into  the  lime  mixture.  The  hair 
is  generally  mixed  with  the  mortar  by  means  of  an  iron  rake.  It  should 
be  thoroughly  mixed,  and  enough  should  be  used  to  make  it  impossible 
to  find  any  small  sections  of  the  mortar  in  which  the  hair  cannot  be 
seen.  This  will  require  from  one  and  one-half  to  two  bushels  of  hair 
to  a  cask  of  lime. 

If  the  mortar  is  to  be  used  as  a  first  coat  on  stone,  brick,  or  similar 
surfaces,  it  will  carry  more  sand,  and  hair  is  not  considered  so  essential, 
a  half-bushel  to  the  barrel  of  lime  being  generally  ample.  If  too  little 
sand  is  used,  the  plaster  is  liable  to  dry  too  quickly  when  setting,  and, 
after  it  is  dry,  will  crumble  very  easily,  showing  up  too  white,  or  ashy 
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gniy,  ill  a()|)farancf.  If  tiM)  rmich  .sand  has  Ikimj  usf<l,  the  |)lastering 
is  Uahli'  to  fall  off,  and  will  cniiiiMf  wIk'ii  nihlMij  iK-twet-n  thi*  fingers. 

Mortar  for  a  seetind  coat  on  lath  may  Ix*  of  ulxjut  tliLs  same 
consistency  of  mixture.  Kor  the  final  coat  (the  putfy  coat  or  hard 
fini.ih)  hut  very  little  .sanil  is  use«l.  The  hanler  the  tinish,  the  les.s  the 
amount  of  sand.  For  this  coat,  the  .siind  is  mixed  at  the  time  when  tlie 
putty  is  run  oil'.  For  hard  fini.sh,  wiien  marhle  dust,  brick  dust,  or 
anytliing  of  that  sort  is  added,  it  is  genenilly  mixe<l  together  on  the 
niortar-hoanl  immediately  In-fore  applying.  Stucco,  or  plaster  of 
Paris,  is  never  mixetl  with  putty  until  imnu-diately  In-fotx*  using,  on 
account. of  its  rapid  setting,  which  occurs  in  a  few  moments  after 
mixing.  When  once  set  before  being  applieil,  it  Ix-comes  u.seless. 
No  more  water  than  is  necessary  .should  be  added,  either  in  the  mix- 
ing of  the  mortar  at  first  or  in  its  subsequent  tempering,  as  over-much 
wetting  of  the  lime  deprives  it  of  a  ccinsideralile  j)n)j)ortion  of  its 
strength,  and  also  retards  the  setting  process  by  giving  that  much  more 
moisture  that  is  ncccs.s-iiry  to  be  di.spn.sed  of  by  evaporation  or  crystalli- 
zation. 

A  bu.shel  of  lime  is  .stan<lardized  to  weigh  SO  pounds;  2(M)  jxiunds 
is  allowed  to  the  barrel;  a  bushel  contains  about  one  and  one-<piarter 
cubic  feet.  A  barrel  of  siind  is  .sujipo.sed  to  contain  .'?  cubic  feet  of 
sand,  and  a  bushel  of  .sand  weighs  alM)ut  120  poumls,  and  wet  mortiir 
130  or  132  pounds.  When  hard,  mortar  is  figured  to  weigh  alM>ut  1 10 
pounds  to  the  cubic  foot. 

To  summarize — one  barn-l  of  lime,  200  |)ounds,  will  take  aUjut 
a  cubic  yard  of  siind.  In  mo.st  localities  a  load  of  .siind  is  sup|)o.se«|  to 
contain  twenty-seven  cubic  feet,  or  a  cubic  yard;  but  it  is  fn^juently 
less  than  this,  extending  down  to  two-thirds  of  tin- amount.  To  the 
barrel  of  lime  should  al.so  be  u.sed  about  (wo  barrels  of  water  and  -as  we 
liavesifn — upwards  of  two  bushels  of  hair  for  a  (irst  coat.  I  lair  comes 
in  pajMT  bags  wi'ighing  generally  something  under  «-ight  pounds  and 
containing  enough  hair  to  U-at  up  into  a  measun'<|  bushel.  This 
amount  of  material,  when  tin'  linic  has  b«'«Mi  slaked  and  the  whole 
mixetl  together,  will  amount  to  .T)  or  10  yanis  (altout  .'>  barn-Is)  of 
mortar;  and  the  amount  shouM  cover  aUtut  10  .s<|uare  yanIs  of 
lathed  area,  re«|uiring  about  (»(K)  laths  to  surfacv. 

The  filial  skim  coat  is  mixed  roughly  to  the  following  j>nijx»rtions: 
A  « ask  of  lime  to  i\  half-tub  of  water,  which  should  take  up  about  a 
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barrel  of  the  hard,  clean  sand  used  in  the  surface  coat.  Generally 
the  plasterer  uses  a  larger  barrel  or  hogshead  for  water,  than  the  cask 
in  which  the  lime  is  delivered.  Also,  in  some  localities,  the  lime  will 
run  somewhat  more  than  200  pounds  to  the  barrel,  Maine  lime  from 
Rockland  being  supposed  to  average  220  pounds.  Rockland  lime  is 
considered  in  the  East  good  lime  for  scratch  and  brown  coats,  but 
many  masons  prefer  Jacob's  lime  for  the  finish  coat. 

■  It  should  be  remembered  that  the  bulk  of  the  completed  mortar 
mixture  does  not  equal  the  total  combined  bulk  of  its  various  ingre- 
dients, but  is  less  than  the  aggregate  bulk  by  about  one-quarter. 

PLASTERING 

Interior  plastering  is  now  applied  either  in  two  or  in  three  coat- 
ings. Three  coats  are  always  necessary  on  metal  or  wire  lath,  the 
first  coat  being  required  to  stiffen  the  body  of  the  material  sufficiently 
to  allow  thorough  working  of  the  remaining  coats.  Even  upon  wood 
laths,  three  coats  make  a  better  job  of  plastering  than  two.  Extra 
strength  and  body  are  obtained  by  the  addition  of  the  extra  coat,  pro- 
vided time  be  allowed  to  dry  out  each  of  the  coats  thoroughly  before 
the  next  coating  is  added.  It  has  now,  nevertheless,  become  the  general 
custom  to  employ  but  two  coats  on  the  less  expensive  grades  of  resi- 
dence work. 

The  plaster  mortar  is  applied  to  the  walls  with  a  hand  trowel  of 
steel,  about  four  and  one-half  inches  wide  by  twelve  inches  long,  having 
a  wooden  handle  that  is  parallel  with  the  back  of  the  blade.  After  the 
mortar  is  put  on  and  roughly  smoothed  out  with  the  steel  trowel, 
the  darby,  a  long  wooden  trowel,  about  four  inches  wide  and  three  feet 
in  length,  is  taken  by  the  workman  and  used — with  a  scouring  motion — 
to  level  the  plaster  surface  and  work  it  to  an  even  thickness  and  uni- 
form density.  The  flat  part  of  the  darby  is  generally  of  hard  pine,  a 
half-inch  or  slightly  more  in  thickness. 

Three-Coat  Work.  The  best  interior  plaster  work  always  used 
to  be  put  on  in  three  coats,  and  was  worked  to  a  final  thickness  of 
about  seven-eighths  of  an  inch.  Of  the  three  coatings,  the  first  is  the 
thickest,  so  that,  when  dry,  it  may  be  strong  enough  to  resist  the 
pressure  of  working  the  coat  or  coats  to  follow.  A  large  part  of  the 
advantage  of  three-coat  plastering  is  obtained  by  thoroughly  drying 
each  coat  out  before  applying  another,  thus  securing  the  added  dens- 
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it\  ;iiiil  .stri-ii};tli  iiiatic  jxissililr  hy  fortiii;^  tlii'  .siil).sit|Ueiit  c-outing 
lirmly  aiul  strongly  a;,'aiii>(  the  .siirfa<i-  ii|miii  wliicli  it  is  Ikmii^  plactij. 
lliii)l)iii;;  or  trowi-liiij;  up  (lie  n)iij,'li  mortar  In-fon'  it  finally  <lrit'.s  and 
si'ts,  also  nuikrs  it  nuicli  inon-  cornpact  than  is  jMJssililr  from  working 
it  at  tlif  tiin*'  wlirn  it  is  lirst  applif«|. 

Tlif  (irst  coat.calli'd  the  scratch  axit,  contains  tlif  greatest  proj>or- 
tiiin  of  liair,  tiiat  l)tin>,'  useful  in  stri-ngtlii-nin;,'  tin-  key  or  clinch  of  the 
plaster  Iteliiiid  the  e»l>;es  of  the  \vo<Mlen  laths,  throuf^h  the  crevices 
hetween  which  it  has  heeii  forced.  Mefore  this  coat  thon)U<;hlv  dries, 
the  surface  is  scratched  (hence  its  name)  with  a  tool  designed  for  that 
purpose.  The  surface  of  the  seconii  coat  also  is  sometimi-s  scratdutl 
with  nails  set  into  a  wocmIcii  float  or  darhy  like  that  used  to  ruh  over 
the  surface,  before  adding  the  finish  coat.  W  hen  one  coat  is  entin-ly 
dried  out  before  another  is  applied,  this  scratching  is  always  necessiiry, 
the  scratches  forming  a  clinch  or  tie  j)ermitting  the  sid)se<juent  coat 
to  unite  the  iinirc  firmly  to  the  prece<ling. 

The  seconil  coat  generally  contains  a  larger  proportion  of  sand 
and  much  less  hair  than  is  necessary  in  the  first  coai.  The  surface 
of  this  .second  coat — or  hroirn  coat,  as  it  is  called — must  be  brought 
up  true  and  even,  especially  at  all  angles,  and  be  phimb  u|)on  the 
walls,  liefon-  the  finishing  coat  is  applied,  lumps  must  be  removed 
and  all  other  imperfections  corrected,  and  the  mortar  must  iKvome 
sufHciently  set  to  allow  the  entire  surfaic  to  be  rubbed  up  with  a  float 
or  darby  and  so  mad  '  compact  and  firm. 

To  siive  time,  the  j)lastercr  adoptcil  the  custom  of  putting  his 
.second  coat  on  over  the  first  while  the  latter  was  still  green.  The 
combincti  mass  (pr.ictically  <tne  thick  coat)  was  then  <larbieil  and 
treated  the  .sjime  as  in  two-coat  work,  over  which  about  the  onlv  a<l- 
vantage  of  this  method  was  in  pn)viding  a  rougher  sand  surface  on 
the  second  coat  than  was  j)ossible  when  more  hair  (always  n«>ce.ss;irv 
in  first  coat)  was  included.  ( )therwise,  substantially  the  .siime  n^ 
suits  as  are  .secured  by  thus  working  two  coats  together  are  obtainetl 
in  the  first  coat  of  ordin:ir\-  two-i-oat  work,  at  a  .saving  of  lH»th  lalxir 
and  time.  Whih-  this  metho<l  does  not  furnish  .so  ginwl  or  so  iH-rnKi- 
nent  a  job  of  plastering,  it  is  inodernly  consiilered  as  meeting  the  n»- 
i|uirements  of  three-<'oat  work,  when  .so  siM-cilied. 

The  saving  in  this  sort  of  threen-oat  plastering  is  made  chieflv 
by  the  plasterer,  in  the  e.\|K'n.se  of  doing  his  work.     'I'he  <»wner  juivs 
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more  money  than  a  two-coat  job  would  cost  him,  and  actually  receives 
substantially  the  same  grade  of  work.  The  second  coat,  too,  dries 
more  slowly  when  applied  before  the  first  coat  is  dry  and  hard,  and 
there  is  therefore  not  so  much  saving  in  time  as  is  generally  believed. 
If  three-coat  work  is  attempted  at  all,  it  should  be  insisted  that  the 
first  coat  be  thoroughly  dry  before  the  second  is  added. 

The  final  coat  is  generally  composed  of  lime  putty,  with  a  small 
proportion  of  white,  clean  sand,  gauged  with  plaster  of  Paris.  This 
gives  the  whitest  finished  surface.  If  a  color  is  considered  desirable, 
a  colored  sand  may  be  used.  All  lath  cracks  or  settlement  cracks 
occurring  in  the  previous  coats  should  be  cut  out  and  patched  before 
the  last  coat  is  applied.  The  final  coat  is  about  one-eighth  of  an  inch 
thick,  and  the  surface  is  burnished  with  the  steel  trowel  to  an  even  and 
straight  surface,  and  worked  sufficiently  to  free  it  from  chip  cracks  or 
other  surface  defects.  The  lime  for  the  white  finish  mortar  should  be 
run  through  a  sieve  of  not  less  than  ten  meshes  to  the  inch. 

From  thus  combining  the  first  two  coats  when  green,  the  next  step 
naturally,  in  the  development  of  methods  of  work,  was  to  apply  but 
one  coat,  making  it  of  increased  thickness,  and  scratching  it  ready  to 
receive  the  finish  skim  or  white  coat,  except  when  it  was  desirable  to 
finish  the  plaster  with  a  rough  surface,  or  to  sand-scour  it,  as  the  last 
process  is  sometimes  called. 

Rough  Plaster  Finish.  If  the  mortar  is  to  be  finished  with  a  sand 
or  rough  finish,  two  coats  are  applied. 

The  second  coat — which  should  be  put  on  only  after  the  first  is 
thoroughly  dry — is  substantially  the  same  as  the  brown  coat  described 
above,  the  rough  finish  being  secured  by  working  the  surface  of  the 
second  coat,  before  it  dries,  with  a  soft-faced  float  and  a  mixture  of  sand 
with  some  lime  added.  Sometimes  the  surface  of  the  float  is  of  carpet 
or  felt,  sometimes  of  cork  or  other  soft  wood.  Only  so  large  a  surface 
as  may  be  readily  covered  at  one  time,  can  be  floated,  darbied,  etc., 
before  it  has  time  to  set.  In  this  case  no  hair  whatsoever  is  put  in  the 
second  coat,  as  the  hair  destroys  the  evenness  of  the  surface  that  is 
obtained  by  the  scouring  action  of  the  particles  of  sand  rolling  around 
between  the  surface  of  the  float  and  the  face  of  the  plaster.  A  long 
float  is  generally  used  for  scouring,  and  the  surface  is  worked  to  an 
even  and  true  face,  care  being  taken  not  to  leave  any  marks  from  the 
instrument  itself. 
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While  it  is  mMierally  the  custom  to  luM  rouf^h  j)la.sttT  finish  on  the 
sec(iiul  coat,  in  inexpensive  work,  es|H-eially  fcjr  summer  residences, 
a  very  artistic  efFi-ct  can  l>e  ohtaineil  Ijy  rou^jh-workinj;  the  surface*  of 
the  first  coat.  If  one-coat  finish  is  employ*-*!,  hair  nnist  Ik-  use«l,  and 
the  consistency  of  the  coat  must  remain  nuich  the  same,  whether  it  is 
surface-finislu-d  or  not.  In  that  case,  however,  it  is  not  jKJssihle  to 
work  the  surface  as  true  and  as  even  as  the  surface  of  a  second  coat. 

Two-Coat  Work.  Most  plaster  work  now  consists  of  only  two 
coats. 

The  hnnvn  mortar  employitl  fur  the  iirst  c(iat  shoulil  l»e  nuule  of 
fresh  lime  usetl  as  soon  as  it  is  stiff  enou^'h  to  l)e  worked,  with  stronj;. 
well-ilistrihutiHl  cattle  hair  and  coarse,  clean  sand.  The  first  coat  of 
mortar  must  always  be  put  on  with  suflicient  pressure  to  forc«'  the 
plaster  throui,'h  between  the  laths,  and  so  ensure  a  fjoml  clinch.  The 
face  of  this  coat  must  be  made  as  true  and  even  as  possible  on  surfaces 
and  angles,  anil  plumb  on  the  walls.  After  the  first  coat  is  sulliciently 
set,  it  may  be  worketl  again  with  a  float  consisting  of  a  piece  of  hartl 
pine  about  the  size  of  the  trowel.  Sometimes  the  face  of  this  float  is 
covered  with  felt  or  other  material  to  produce  a  rough  textural  treat- 
ment on  the  plaster  surface.  The  first  coat  should  run  a  strong  five- 
eighths  inch  in  thickness,  and  should  l)e  thon)Ughly  ilriinl  out. 

It  is  generally  inadvisal)le  to  attempt  to  trowel  a  two-coat  job 
ver)-  smo<jthly.  If  the  attempt  is  made  to  float  the  first  coat  when  it  is 
too  thin  or  insufficiently  .set,  the  instrument  is  likely  to  leave  marks 
on  the  wall,  and  the  plastering  is  itself  lik«ly  to  crack.  It  is  better  to 
err  on  the  side  of  caution,  as,  if  the  j)laster  has  become  slightly  too  dry, 
it  may  easilv  be  dampened  by  sprinkling  water  U|)on  it  with  the  plas- 
terer's broad  cakimiiie  brush  and  following  it  inunnliat«'ly  with  the 
float.  Tlu-  use  of  water  in  this  way  has  accom|)anying  a«lvantages 
in  that  it  tends  to  harden  the  jjlastering  and  f<i  prevent  the  hairs 
gathering  along  the  edge  of  the  float,  when  otherwi.se  they  would  have 
to  l)o  .shaken  off  every  few  moments  to  |»n'V<'nf  their  ndling  under  the 
instnunent  and  being  pre.s.s«d  into  the  surface  of  the  plaster  in  tufts 
and  rolls,  in  such  a  way  as  to  show  thn)Ugh  even  the  finish  coat. 

Care  .shoidd  be  taken  to  see  that  each  coat  invariably  is  ab.solutely 
drvand  hanl  iM-fore  tin- addition  nf  another  coat  is  atteni|)tnl.  Other- 
wiM-  ihf  later  c«tat  will  fall  off,  in  greater  or  h-.ss  part,  and  it  will  Ik- 
(jniti  iMi|»ossible  ever  to  obtain  a  gtnxl  surface  lini.sh;  while,  if  it  .should 
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happen  that  the  first  coat  is  only  partially  dry  when  the  second  is 
applied,  it  will  be  seriously  injured  by  the  pressure  brought  upon  it 
when  floating.  Its  clinch  to  the  lath  is  thus  often  partially  or  wholly 
broken,  sometimes  the  plaster  falling  entirely  off,  leaving  the  laths 
exposed. 

The  finish  second  coat  in  two-coat  work  is  the  same  as  the  final 
skim  coat  in  three-coat  work. 

The  Finish  Coat.  The  finish,  skim,  or  white  coat  should  never  be 
applied  until  the  earlier  coat  or  coats  are  thoroughly  dry  and  hard,  as 
it  is  liable  to  crack  if  put  on  before — quite  aside  from  the  possible 
danger  of  injuring  the  first-coat  work  by  the  pressure  of  troweling 
before  it  is  entirely  dry  and  set.  A  simple  putty  coat  should  carry 
more  sand  than  when  the  finish  is  hardened  by  the  addition  of  plaster. 
If  plaster  is  used,  the  mortar  should  always  be  gauged  (that  is,  plaster 
should  be  mixed  with  the  putty)  after  it  is  placed  on  the  mortar-board. 
The  usual  process  of  gauging  consists  in  making  a  hollow  with  the 
trowel  in  the  midst  of  the  pile  of  lime  putty  lying  upon  the  mortar- 
board. This  hollow  is  filled  with  water,  and  the  plaster  sprinkled 
upon  it,  the  whole  then  being  mixed  rapidly  with  the  trowel  and  put 
upon  the  wall  immediately,  before  the  plaster  has  time  to  set.  The 
proportion  of  lime  and  plaster,  while  variable,  averages  probably  one- 
fourth  to  one-fifth  plaster. 

The  finish  is  skimmed  in  a  very  thin  coating  that  is  generally 
less  than  one-eighth  of  an  inch  in  thickness.  It  is  immediately 
troweled  several  times,  dampened  with  a  Avet  brush,  and  thoroughly 
troweled  to  smooth  up  the  surface  and  prevent  it  from  chipping  or 
cracking.  The  water  prevents  the  steel  trowel  staining  the  surface, 
but  the  plaster  should  not  be  too  wet,  as  it  will  then  blister  or  peel. 
The  whole  surface  of  the  finish  coat,  whether  of  putty  or  hard  finish, 
should  finally  be  brushed  over  once  or  twice  with  a  wet  brush;  while,  if 
a  polished  (or  buffed)  surface  is  required,  it  may  be  gained  by  brushing 
— without  dipping  the  brush  into  the  water — until  a  glossy  surface  is 
obtained. 

Especial  care  should  be  taken,  in  the  final  coat,  to  finish  all 
joints  smoothly  and  evenly  so  that  the  point  of  jointure  will  not  be 
apparent.  The  ceilings  are  completed  first;  then  the  upper  part  of 
the  wall;  and  lastly  the  bottom  portions  which  can  be  reached  from 
the  floor  and  thus  more  carefully  finished  up  to  the  joint. 
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'rill-  jilastcnr  Lr,-ii,T;illy  st'alTolds  the  nMiiii  with  ImkihIs  at  a 
siiliiciftit  lu'ii;lit  to  ciiahle  liiiii  ••asily  to  n-at-li  tin-  wilin^j  «ivcrlK*a«l 
without  niisiiij;  his  anus  too  hi^h  to  work  rat-h  <if  tht-  coats  i-vi-iily. 
Thf  plasttT  is  :k|i|)hc«l  oil  th»'  ii|)|)<t  part  of  thi*  walls  fn»m  tin*  .s«ime 
scalFoMin;^,  ami  thr  niiiaiiulcr  of  the  work  is  foiii|)l»'t«-(j  from  tiie 
fl(M)r.  If  too  iiiiich  timr  i-lapscs  in  jo'nin;;  the  c<»ats  at  thi>  |)oiiit.  tiie 
joint  is  likrly  to  show  — whicli  is,  of  cours*-,  not  st-rioiis  unless  tin-  walls 
an-  to  Im-  left  uiitn-aifd.  ( )rcasionally  two  men  workinjj  alonj:; 
toi^cthcr,  oni-  on  tin-  scalVoltlin^  and  one  on  tla-  Moor,  linisli  tlh  walls 
at  thr  same  tiiUf. 

If  the  oM-fashiuncd  wooden  anfjle-lK^a<ls  arc  used,  the  plaster 
should  l»c  neatly  cut  out  from  each  side,  forming  a  small  \'-sunk  an^'le 
that  prevents  the  thin  edf^e  ruiminj;  up  aj^ainst  the  corner-l)ead  from 
hrcakini;  olF.  As  a  matter  of  fact,  the  use  of  a  metal  corner-lx'ad 
makes  a  far  truer,  sharper,  and  strai<jhter  anisic,  and  one  that  does  not 
afterward  tear  or  break  the  j)aperinj;  when  it  is  |)iit  upon  the  wall. 
Anfjlcs  in  the  plaster  arc  generally  finished  with  a  wooden  paddle. 

As  the  hair  is  used  principally  to  insure  a  clinch  hack  of  the  lath, 
if  plaster  is  applied  on  a  stone  or  Itrick  wall,  a  s<ratih  coat  is  seldom 
necessary;  and  the  coat  of  l»rown  inortir  is  very  often  used  without 
hair  ami  of  ahout  the  composition  of  hrick  mason's  mortar.  If  a 
.scratch  coat  is  u.sed  imder  these  conditions,  it  is  ijenerally  mi.ved  with 
more  .sand  and  less  hair  than  when  put  upon  laths. 

For  a  finish  where  |)laster  mouldinfjs  are  to  he  u.sed,  or  when  for 
any  j)ur|»o.se  an  unusually  stniif^ht,  level,  and  |)lurnl)  surface  of  plaster 
is  re«|uired,  three-<-oat  work,  put  on  in  the  old-fashione<l  manner, 
should  he  demanded.  This  is  neccs.sary  in  order  to  get  a  siirfacv 
sufli<i«-ntly  level  and  true  to  run  plaster  mouldings  evenlv,  and  to 
avoid  the  ine(|ualities  that  arc  alnio^l  certain  to  occur  in  all  two-coat 
plast<Ting. 

'I'he  .s4'cond  and  third  coats  allow  opportunities  to  ohtain  a  stniight 
ami  level  plaster  surface.  Individual  spots  are  hrought  up  to  an  ev«'n 
surface,  the  plaster  then  In-ing  ad<led  and  carefully  work«>«l  lH-tw«t'n 
and  amongst  them,  hringing  it  all  (o  the  .sanie  face  hv  means  of  the 
straight  edge.  ( >cca.sionally  it  hap|M'iis  that  the  nuigh  ct»at  i.>J  .s<» 
uneven  that  .some  filling  in  is  alisolutely  UfH-essjiry  to  make  the  wall 
.sunici<'ntly  even  to  receive  the  last  «-oat.  In  that  ca.se,  a  mixtun*  i»f 
half  |ilaster  :ind  half  pulfv  rMa\  l>c  used  in  leveling  u|i  the  rough  work. 
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If  no  finish  coat  is  to  be  put  on,  the  surface  should  be  troweled  smoothly 
as  the  mortar  is  applied,  care  being  taken  to  lea^'e  no  marks,  hollows, 
or  uneven  places;  but  if  the  wall  is  to  be  finished  or  frescoed,  it  should 
be  left  with  a  floated  surface. 

Patent  Plasters.  Patent  plasters,  such  as  adamant,  etc.,  are  not 
often  employed  for  private  dwellings,  being  chiefly  suitable  for  mer- 
cantile purposes.  The  patent  plaster  has  certain  advantages  that  are 
self-evident — such  as  quick  drying  and  hardening.  Its  surface 
hardens  more  quickly  and  resists  abrasure  longer  than  the  ordinary 
lime  plastering  However,  a  break  once  occurring,  the  extreme  stiff- 
ness of  the  mixture  makes  it  liable  to  extend  further  and  to  be  of  a 
more  serious  nature  than  if  the  softer,  more  flexible  lime  plaster  cov- 
ering had  been  injured  in  the  same  manner. 

The  extra  stiffness  of  most  patent  plasters  is  caused  by  the  cement 
that  generally  forms  an  important  part  of  their  composition.  These 
plasters  are  sold  ready  for  use,  requiring  merely  the  addition  of  a 
sufficient  amount  of  water.  They  are  therefore  especially  adapted 
for  use  by  the  inexperienced,  and  are  valuable  for  executing  small 
pieces  of  work,  as  they  do  not  present  the  liabilities  to  failure,  or  loss 
of  time  and  delay,  occasioned  by  mixing  up  batches  of  lime  mortar. 

Back  Plastering.  Occasionally  a  wood-framed  house  is  back- 
plastered  for  warmth.  This  process  consists  in  nailing  a  strip  of 
seven-eighths  inch  furring  against  the  inside  of  the  boarding  on  each 
side  of  the  studs.  The  space  between  the  studding  is  then  lathed 
(of  necessity  a  slow  and  bothersome  job)  and  plastered  one  rough 
coat  of  hair  mortar,  which  should  be  allowed  to  dry  before  any  lathing 
is  placed  over  it  on  the  inside  face  of  the  studding.  As  a  matter  of 
practice,  the  efficiency  of  back  plaster  is  much  injured  by  the  fact 
that  the  studding,  m  seasoning  after  the  plaster  is  set,  is  likely  to 
shrink  away  from  the  plaster,  leaving  a  narrow  perpendicular  crack 
on  each  side  of  the  stud,  which  permits  of  the  passage  of  cold  air. 

Plaster  Cracks.  Cracks  in  plaster  occur  from  several  causes. 
If  the  distance  between  the  ends  of  the  laths,  where  they  join  on  the 
studding  or  furring,  is  too  great,  the  larger  amount  of  plaster  in  that 
place,  when  drying  out,  may  cause  a  short  crack.  Any  such  spaces 
should,  however,  be.  filled  by  the  lather  before  plastering  is  begun. 
Sometimes,  too,  especially  in  the  first  coats,  cracks  are  caused  by  the 
shrinkage  or  expansion  of  the  wooden  laths  after  the  mortar  has 
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wliiilly  IT  [laitijilly  ^ct.  riir  n-siilt  is  u  series  of  iKirn)W  er.icks  |)urallel 
ti>  »'acli  (»tluT  and  tlif  wiiltli  of  tlir  laths  apart.  Lath  cracks  are  ordi- 
narily lillfil  ill  ami  covfrrd  ii|>  l)y  latt-r  ci»at.s,aii(l  so  do  not  often  aj)|R'ar 
ill  the  liiiislitHl  plastering'.  They  may,  t(M),  he  worketi  out  when  lloat- 
iii;;  up  the  eoat  hefon-  it  finally  sets.  If  wide  <»r  di-rp,  however,  thev 
should  he  cut  out  to  a  width  of  an  iii'li  or  so,  and  filli*<l  in  with  new 
niortar  hefore  addiiii;  the  last  eoat. 

Cracks  of  a  like  ap|)earaiice  are  sometimes  cau.sed  by  the  rou^h 
mortar  heinj^  too  rich,  or  hy  draii^^hls  of  air  fn)m  opernliKtrs  or  win- 
dows dryiiifi;  out  j)ortions  of  the  plasterin<;  too  (|uickly.  The  tcx) 
rapid  drying  of  plaster  with  stoves  or  .salamanders,  often  prcHlur-es  a 
like  result  fn>m  similar  causes.  An  e.\perience<l  pla-sterer  .should  he 
ahle  to  determine  the  responsihle  cau.se  and  take  measures  accordingly, 
using  more  .siind  if  the  mortar  is  too  rich,  .screening  openings  to  prevent 
draughts,  and  using  less  fire  in  his  drying  stoves.  In  green  work, 
damage  already  done  may  he  repaired  hy  refloating  again  hefore  the 
\v(»rk  hec-omes  too  dry,  st)ftening  the  mortar  with  water  if  neces.sar\'. 

Tracks  .sometimes  (K-cur  in  the  angles  at  the  ceiling  or  corners  of 
the  r(M)m.  When  in  this  location,  they  may  he  caused  hy  the  shrinkage 
or  settlement  of  thf  partition  or  lioor.  In  the  jierpendicular  angles, 
esjKfially,  they  may  extend  only  to  the  depth  of  the  finishing  ct)ats. 
In  that  ca.st ,  the  cau.ses  are  likely  to  he  either  too  thick  plaster,  insufli- 
cient  troweling,  or  an  insuflicient  amount  of  plaster  in  the  g;iug»tl 
coat — cau.ses  whidi  are  easily  remedied  in  the  nniaiiider  of  the  work. 

Tracks  running  diagonaliv  across  a  j)artition,  or  nidiating  from 
the  eoriiers  of  doors  and  window  openings,  are  cau.sed  hv  the  unnjual 
.settle  iiieiit  or  shrinkage  of  the  lniilding.  Thev  frei|Uently  occur  at  a 
|Mrpendi(ular  angle  where  a  woo<l  partition  is  hroiight  up  against  a 
hriek  wall,  or  at  the  ceiling  line  where  a  wooden  ll(M>r  comes  up  against 
a  hriek  sup|X)rting  wall. 

Tracks  o<cur  in  the  final  finish  when  the  putty  is  not  puigTiI 
enough  or  not  troweled  or  hriislied  enough,  when  it  is  juit  on  t«K>  thi«k. 
and  when  too  little  sand  has  heen  used.  These  cracks  an*  calle«l 
rhijtjiitl  rrarl:.s.  Plaster,  when  appareiillv  |M'rfe<t  and  without  cnicks, 
will  soiiH'tinies  eninihle,  either  from  loo  rapiil  drying  or  from  the  us«- 
of  liMi  iiiiK  li  ^;ind  Milher  tiMi  miieli  or  (uo  little  sjind  inateriallv 
injures  the  strength  of  ninrtur. 
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If  unclean  sand,  dirt,  or  clay  has  become  mixed  with  the  mortar, 
it  not  only  weakens  the  lime  but  prevents  its  adhesion  to  the  sand 
particles,  so  that  no  real  set  of  the  mortar  ever  occurs.  Of  course, 
at  all  times,  poor  materials — sand,  lime,  or  hair — may  be  responsible 
for  defects  in  plastering.  Plaster  occasionally  falls  off  even  when 
apparently  hard  and  good,  if  the  laths  are  too  near  together,  if  there 
is  insufficient  hair,  if  the  mortar  is  too  rich  or  too  sandy,  or  if  it  had  not 
been  pressed  against  the  laths  with  sufficient  force  when  being  applied; 
or  it  may  become  loosened  by  the  springing  of  the  laths  under  the 
pressure  of  floating  it  too  hard.  On  brickwork  the  mortar  requires 
considerable  more  sand  than  for  application  on  laths. 

Lime  must  have  time  to  set  before  it  dries  out.  Therefore,  to 
last  well,  it  should  dry  slowly.  A  stiffer  working  mortar  makes  better 
and  harder  plaster  than  thin  or  wet  material,  provided,  of  course,  it 
is  thin  enough  to  clinch  well  to  the  lath  in  first-coat  work,  or  to  adhere 
to  brick  and  dry  scratched  surfaces,  and  to  spread  evenly,  in  second- 
coat  work.  Stiffer  mortar  can  safely  be  applied  upon  wet  mortar 
than  on  dry;  and  wide-spaced  lathing  will  take  stiffer  mortar  than 
close-laid  laths.  When  two  coats  of  mortar  have  been  put  on,  and 
the  last  coat  falls  from  the  first,  it  is  generally  because  the  first  coat 
was  not  wholly  dry  when  the  second  was  applied.  The  coats  must 
either  be  entirely  dry  or  quite  green  to  be  successfully  combined. 

If  possible,  it  is  better  to  have  the  workman  use  makes  of  materials, 
especially  lime,  having  those  properties  with  which  he  is  accjuainted. 
Attention  has  already  been  called  to  the  fact  that  different  makes  of 
lime  vary  considerably  in  their  chemical  composition.  It  is  not  even 
certain  that  lime  of  the  same  make  will  always  run  even  in  production, 
year  after  year.  Of  course,  lime  that  has  been  slaked  by  exposure 
to  air  or  water  while  in  the  barrel,  and  before  it  is  used,  is  worthless. 
As  this  occasionally  happens,  it  is  well  to  be  watchful  and  see  that 
such  bad  material  is  never  added  to  the  plaster  bed. 

As  a  final  warning,  be  certain  that  the  last  coat  of  plaster  has 
dried  out  hard  and  strong  before  any  wood  finish  is  installed,  as  other- 
wise the  wood  will  absorb  the  moisture  from  the  plaster,  causing  it  to 
swell  and  therefore  opening  cracks  that  are  never  likely  afterward 
to  be  altogether  closed.  All  wood  finish  should  also  be  kept  out  of  the 
house  while  plastering  is  going  on,  as  it  will  absorb  moisture  from  the 
air  around  it.     The  reason  that  sash  are  not  ordinarilv  set  until  after 
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tlic  plasterini;  is  flnislutl,  is  l>f<-aii.s«'  tliry  ahstirli  .m»  mii<-li  of  the 
ini)istiir«-  as  to  rausr  the  sash  tn  s\v«-ll  in  |»hi«-f.  It  is  ;;fin*rally  c-un- 
si<l»Tfil  prrfiTalil*-  tit  (ill  thr  wirnlow  i)|M-iiiii<;s  i»r  diMirs  witli  senilis 
of  i-ottoii  cloth,  as  tliis  prt'Vciits  ilint-t  ilniu^lit.s  and  still  allows  of  a 
ciniihitiori  of  air  that  dries  plastcriii;;  iiiiich  mon-  rapidly  than  artificial 
heat,  i>r  than  it  would  dry  if  these  opening's  were  closed  l»y  solid  dixirs 
atid  glazed  sash.  In  very  had  weather  the  screen  of  cotton  may  Ik.* 
sli^'htlv  stn-n^^thened,  if  necessary,  I )y  the  ap|)lication  of  a  coat  of  white- 
wa>hon  the  inner  side.  Contrary  to  wliat  init,'lit  Iw  sujjpised,  tliecloth 
winilow-screen  is  almost  as  j^oikI  a  protection  aj^ainst  external  cold 
and  frost  as  is  the  <^lazed  window,  althonjjh  the  current  of  air  passing 
thntuj^h  the  cloth  meshes  of  these  s<reens  into  and  out  of  the  house, 
causes  a  .slight  lo.ss  of  heat,  addinir  soimwhal  to  the  exjMMise  for  fuel 
refiuinHl  to  dry  out  a  plastered  huilding.  In  good  <lrying  weather, 
tln's*'  scre«'ns  shoulil  he  taken  out  and  left  out  tluring  the  day,  hut 
should  he  replaced  at  night  or  in  damp  weather,  when  the  plaster 
otherwise  is  likely  to  reahsorh  moisture  fn»m  the  air  and  so  delav  the 
time  of  its  final  drying  out. 

If  avoidal»le,  the  artificial  ilryiiigof  planter  hy  salamanders  shoul«l 
not  he  einployi'd;  natural  drying  hy  sun  ami  air  is,  umler  all  circum- 
stances, preferahle.  Tlu-  salamander  not  only  dries  tin-  room  in  which 
it  is  placed,  too  (piickly — especially  (he  ceiling  alM»\( — hut  fills  the  air 
and  the  |)laster  itself  with  gas  fumes,  and,  hy  steaming,  is  fre<|m-ntly 
the  cause  of  the  rotting  of  plaster  or  hair,  thus  reducing  its  vitalitv 
and  life.  Iltaling  a  house  to  dry  out  the  pla>ttr  liy  means  of  the 
regularlv  insta!!e<l  heating  plant,  is  |)referahle  to  the  use  of  salamanders, 
the  chief  ohjection  in  this  case  heing  occasioned  hy  the  unduly  rapid 
ilrving-out  of  wall  planter  hack  of  or  alM)Ve  registers  and  radiators. 
The  situation  is  ln-lpecl  if  the  radiator  is  set  out  from  the  wall  anti  some 
.screi-n  is  |)laced  U-tween  it  and  (he  plaster.  .\  screen  may  al,s«)  U- 
employed  against  the  wall  over  a  hot-air  register;  hut  tlu-n-  i>  no 
means  of  |»rote<-ting  the  plaster  on  either  side  of  a  partition  llmmgh 
which  a  hot-air  or  steam  pi|M'  passes.  ,^uch  plas(«T  is  iNtiuid  to  U* 
.sevjTely  strain»'d  hy  U-ing dried  tooipiiekly. 

If  plaster  is  fro/en  when  wf(.  i(  is  likely  (o  l«K».s«'n  up  and  injure 
the  whole  ma.ss  .so  that  it  may  eventually  fall  tiff.  The  efTc-ets  of 
freezing  are  le.ss  trouhle.some  if  (he  wall  i>  fmzen  after  it  is  «lri<il  and 
has  once  set.      If  only  slighdy  fiiisteil,  atid  (haw«i|  imnieiliately  and 
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floated  again,  it  may  often  be  saved,  the  eflfect  in  that  case  being  not 
much  different  from  what  it  would  be  if  the  wall  had  been  surface- 
moistened  and  refloated. 

Plaster  Moulding.  Plaster  mouldings  upon  ceilings  and  walls 
are  less  frequently  employed  now  than  a  few  years  ago,  when,  espe- 
cially at  the  intersection  of  wall  and  ceiling,  a  heavy  cornice  of  plaster 
was  the  common  method  of  finish.  Nowadays  a  cornice  of  wood  is 
more  commonly  used. 

Briefly  described,  the  running  of  a  moulded  plaster  cornice  is 
as  follows :  Two  parallel  strips,  or  screeds,  are  run  on  the  ceiling  and 
the  side  wall,  with  their  nearer  edges  evenly  straightened.  These  edges 
are  then  fitted  to  the  mould — a  piece  of  metal  cut  out  to  a  reversed 
section  of  the  cornice  outline.  The  mould  is  run  along  the  strips 
fastened  to  the  wall  for  guiding  it,  the  lower  edge  being  cut  out  and 
fitted  to  run  upon  them. 

The  plaster  necessary  to  fill  up  the  mouldings  of  the  cornice  may 
be  tied  back  to  the  wall  and  ceiling  by  rows  of  nails  driven  so  as  to 
stand  at  about  the  location  of  its  greatest  thickness;  while  a  strip  of 
metal  lath,  filling  in  the  angle  upon  projecting  furrings,  will  offer  the 
best  possible  clinch,  and  will  help  to  reduce  the  thickness  of  the 
plaster  and  render  its  drying  and  shrinkage  more  equable  and  its  sur- 
face less  likely  to  crack. 

When  all  is  ready,  enough  putty  and  plaster  are  gauged  in  about 
equal  parts  to  run  the  cornice  down  the  length  of  one  side  of  the  room. 
The  moulding  form  is  then  rested  upon  the  supporting  and  guiding 
strip  against  the  wall,  and  drawn  along  from  right  to  left,  pressed 
against  the  mass  of  mortar  which  is  thrown  into  the  angle  just  ahead 
of  it  by  the  trowel,  the  space  immediately  in  front  of  the  moulded  strip 
being  kept  sufficiently  full  of  plaster  mortar  to  fill  out  the  moulding 
entirely  at  all  times.  ^Yhen  the  length  is  completed,  or  the  gauged 
material  is  used  up,  the  mould  is  moved  back  and  forth  along  the 
length  of  cornice  that  has  just  been  run,  scraping  away  all  the  plaster 
except  that  included  within  the  outline  of  the  mould. 

Where  hollows  occur,  the  gauged  material  scraped  off  by  the 
mould  should  at  once  be  thrown  on  again  at  these  places,  so  thav,  they 
may  be  immediately  filled  and  brought  up  to  the  right  section  outline 
by  again  running  the  mould  over  these  portions.  The  gauged  putty 
will  set  in  a  few  moments,  and  each  side  of  the  room  or  section  of  the 
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iiKiiiMiii^'  must  l)c  run  and  coinplrtf*!  <»r  tilltnl  out  vjtv  rapidly.  Tin- 
(onitrs  at  tin-  anj^lf^s  uf  tin-  nxnu  may  Im*  fillf<l  in  l>y  hand,  or  a  scclion 
of  tin-  mould  may  Im-  s«'paratf|y  run  u|mhi  the  floor,  sawn  in  a  mitre 
l»o\,  milnd  and  littt-d  in  ])la(«-  upon  tin- wall,  the  joint  iK-tween  tla- 
cast  and  run  niouldiii;^  htin;,'  then  (artfully  jiatdu'd  and  cvenwi  off. 

Tlu'  extra  amoinit  of  plastt-r  includi-*!  in  tin*  tliicknt-ss  of  extn-iiH- 
j)niji'ctin^  mouldings  is  tlu-  cause  of  occaiiioiial  surface  cracking;  while 
other  cracks  are  occasioned  l>y  the  settlement,  shrinkaj^e,  and  move- 
ment of  the  house  frame.  For  the.se  an«l  other  rea.sons,  it  is  now  gen- 
erally considered  that  a  wootlen  cornice,  despite  its  clefects  of  shrink- 
age, is  better  suited  than  plaster  to  tliis  purj)ose. 

Finally,  the  moulding;  may  he  sprinkled  with  the  lnush  and  the 
mould  may  he  run  over  it  several  times  more,  ending  l>y  finishing 
with  a  brush  .so  as  to  give  the  moulding  a  glo.ss  just  as  on  the  wall 
plastering.  The  .same  process  is  repeated  for  ditferent  kinds  of  j)las- 
ter  moulding,  merely  varying  the  metlKnl  to  provide  for  the  different 
conditions  .set  by  circumstances,  a  circidar  moulding  around  the 
lighting  outlet  in  the  middle  of  the  room,  for  instance,  being  swung 
fniiii  u  peg  driven  into  the  center  of  the  gas  |)ipe  or  outlet  Ik>.\.  Other 
kinds  of  plaster  mouldings  are  run  by  unimportant  variations  of  the 
prtM'c.sses  de.scriln'd. 

("ast  ornaments  are  made  .separately  in  moulds,  into  which  the 
plaster  is  jxnired.  Most  of  these  sepanite  moulils  are  made  of  |)laster 
hardened  with  glue  or  shellac,  or  stirfacnl  with  beeswa.x,  and  arc 
generally  oiled  before  being  u.sed.  I'laster  ornaments  are  fastene*!  in 
place  with  fresh  phister  or  glue;  (K-casionally  ji  few  .screws  are  u.sitl, 
in  which  cjise  the  heads  should  be  countersimk  and  coverol  in  with 
plaster  .so  as  not  to  show. 

KXTKRIOR    IM.ASTIIRINO 

Although  i-xti-rior  pla.^ter  surfacing  for  dwellings  ha>  been  in  use 
in  l'",uro|M'  for  many  years,  it  has  but  recently  met  with  favor  in  (his 
counlrv.  in  Italy,  plaster,  or  stucco,  applied  in  large,  unbn>ken 
expanses  upon  a  ston«-  or  brick  building,  has  long  U-en  a  fuxoritc 
niellnKl  of  construction.  I'"re«|uenlly.  i«mi,  this  plaster  .surface  is 
stained  or  colored  ami  worked  up  into  dilTerent  I'esigns.  In  Kngland. 
Fran< '     I'.d  ( i.  rnuny.  plaster  has  Uvn  inon-  fretjuently  u.stHJ  in  itui- 
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nection  with  a  half-timbered  frame,  although  these  countries  also 
contain  instances  of  its  use  in  large,  unbroken,  simple  surfaces. 

In  modern  American  work,  it  is  not  often  that  a  brick  wall  is 
covered  with  plaster,  as  the  aesthetic  possibilities  in  the  use  of  rough 
hard-burnt  brickwork  have  now  long  been  recognized;  and  when 
this — the  cheapest  brick-building  material— is  employed  upon  a 
dwelling,  it  is  itself  utilized  for  the  exterior  surface  and  to  obtain  the 
exterior  effect  of  the  structure. 

Plaster  has  been  used  in  this  country  in  imitation  timbered  houses 
for  some  years ;  but  recently  its  employment  in  large,  simple  surfaces, 
unbroken  by  the  cross-barring  strips  of  dark  wood,  has  become  popular 
— a  treatment  much  more  appropriate  to  this  country.  We  also 
possess  some  examples  of  brick  and  stone  houses,  two  hundred  years 
old  or  thereabouts,  that  were  covered  and  surfaced  with  white  plaster- 
ing; but  in  the  most  recent  of  American  plastered  dwellings,  this  effect 
has  been  simulated  by  applying  the  plaster  to  a  wooden  frame  lathed 
with  a  fine-meshed  wire  cloth. 

In  any  plastered  building,  the  cornices  should  be  projected 
sufficiently  far  to  protect  the  walls  and  all  exposed  upper  surfaces  of 
the  plastering.  The  farther  this  projection,  the  more  certain  the 
safety  of  the  plaster,  especially  in  the  northern  sections  of  the 
country. 

The  essentials  for  successfully-wearing  exterior  plaster  applied 
in  modern  fashion,  are:  A  well-seasoned,  shrunk,  and  settled  frame; 
a  solid,  immovable  foundation;  and  a  carefully  applied  and  thoroughly 
worked  job  of  plastering.  The  framework  should  be  somewhat  better 
constructed  and  more  carefully  arranged  to  prevent  movement  or 
settlement  than  on  an  all-wooden  building.  Other  than  this,  the 
dwelling  to  be  plastered  outside  does  not  differ,  in  any  part,  from  the 
ordinary  house,  until  the  structure  has  been  framed  and  boarded  in. 
For  plastering,  the  boarding  is  then  covered  with  a  slightly  better  and 
more  waterproof  grade  of  paper  than  if  shingling  or  clapboarding 
were  intended.  Outside  of  this  papering,  the  house  is  furred  with 
strips  of  furring,  seven-eighths  of  an  inch  thick  by  one  and  one-eighth 
to  one  and  one-quarter  inches  wide  (for  metal  lathing  they  are  to  be 
placed  nine  inches  apart,  for  wood  laths  twelve  inches,  on  centers), 
and  the  lathing  is  applied  upon  these  strips. 
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TIm-  licst  laili  for  «'.\tfriur  plastering  is  prolwltly  tin-  No.  I'J  Clinton 
wire  (•jiitii.  Tlio  wiri'  is  siilfi<i<-ntly  iarp-  to  Im*  i|iiralil<-,  an<l  tin*  rni-sli 
suffiiifiitiv  (j|M-n  to  allow  tin-  mortar  to  press  tliroiifih  and  completely 
(ill  anil  close  in  over  the  Itack  of  tlie  wire,  tliii>  protc-ctinj;  it  fmm  exj»s- 
iire  to  the  elements  or  iiamaj,'e  from  v  ater  and  rust,  even  if  the  piaster 
snrface  shonld  leak  sulliciently  to  admit  water  hehind  this  covering,'. 
Kxpandctl  metal  is  also  ns»'<l  for  this  piir|)ose.  hut  it  is  not  generally 
consi(lere<l  so  <J(mk1  a  material,  from  the  fact  that  it  is  im|>ossil>le  to 
cover  entirely  and  pn)tect  th<-  hack  of  this  lath  with  plasterin;;.  and 
therefore  there  is  no  means  of  certainly  protectiii';  it  fn)m  the  jxjssi- 
hility  of  rustint,'. 

( )c<asionallv,on  a  small,  low  house  of  not  over  a  story  and  a-half  of 
wall  hei^'ht,  the  hoarding;  may  l)eomitttHl  altoj^ether.  Thi-  metal  lath 
is  then  j)lacetl  dirc<tlv  upon  the  furred  studs,  and  plastere<l  hoth  outside 
and  in  to  insure  its  absolute  protection  from  ilamat'e  l)y  water.  IIow- 
ev«T,  the  shrinking'  of  the  .studs  opens  a  small  crevice  alon^'  each  side — 
which  has  already  been  mentioned  as  ociurrin«,'  in  hack  plastering'— 
and  it  is  thus  p<).ssil)le  that  water  may  enter  from  the  hack  and  tlo  con- 
sidiraliK'  damaj^e,  even  throuf^ii  the  narrow  space  that  this  .shrinkaj^' 
proviiles.  The  omi.ssion  of  the  outer  hoarding;  al.so  .somewhat  injures 
the  stitTness  of  the  house,  as  a  frann-  constructetl  in  this  way  is  not  .so 
well  braced  as  when  the  boardinfj  is  applie<l.  Neither  are  the  dwellers 
in  the  house  .so  completely  {jrotectnl  from  the  exterior  weather,  as  the 
second  air-space  obtained  between  the  papering,'  and  the  I'xterior 
pla.stering  is  lost.  This  extra  air-space  is  of  a.ssi.stance  in  keeping'  the 
hou.se  more  e(|ual)ly  warm  in  winter  and  cool  in  summer. 

In  the  use  of  metal  lath,  it  is  always  to  Ite  rem«'mberetl  that  tin- 
ab.folule  e.ssential  is  to  protect  the  lath  fi-om  the  action  of  water  and 
nist.  This  once  done — in  whatever  fashion  a  permanent  and  last- 
ing' plaster  surface  is  ensured.  .'N)metimes  the  metal  lath  is  winti 
anil  fastened  to  p<rp<iidi<  iilar  iron  furrin^s  of  ttf-inms  t»r  anjjies, 
held  to  the  woo«l  frame  with  staples  or  .some  similar  fast«-nini:,  allowinjj 
anv  |)ossible  movement  of  the  fn:me  to  occur  without  alTectin;j  or 
stniininj,'  the  plaster  surfac«".  whiih  is  by  this  means  di.s4».s.s<K'int«Hl 
from,  while  ilirectiv  sup|M»rted  by.  the  house  frame,  ('nicks  annmd 
fl,.   uiti.l.iu,  ind  the  angle.s  of  the  buildings  arc  thus  prevontod;  but 


a2:« 


28  PLASTERING 


it  is  a  more  expensive  form  of  construction,  and  is  not  now  employed 
except  in  the  larger  and  more  expensive  residences. 

From  the  use  of  wire  lath,  there  are  occasionally  obtained  small 
surface  cracks,  especially  if  the  lath  joint  happens  to  come  at  a  place 
where  some  strain  is  afterward  placed  upon  it,  and  particularly  where 
it  is  weakened  from  the  movement  of  adjacent  portions  of  the  build- 
ing. For  instance,  if  a  perpendicular  lath  lap  is  made  on  the  line  of 
the  edge  of  the  window  finish,  a  crack  on  the  line  of  this  joint  is  almost 
certain  to  appear  in  the  plaster,  extending  both  above  and  below  the 
wood-surrounded  opening.  Care  should  be  taken  to  cut  the  strips  of 
lathing  so  that  the  joint  will  come  at  least  nine  or  ten  inches  on  either 
side  of  the  edge  of  the  window  or  door  finish.  All  furrings  should  also 
be  kept  away  and  back  from  all  angles,  internal  or  external,  upon  the 
walls,  so  that  a  certain  clinch  may  be  effected  by  the  plastering  at  these 
important  points. 

WOOD  LATH 

Wood  lath  is  occasionally  used,  and,  in  certain  sections  of  the 
country,  apparently  with  good  results.  It  may  be  employed  in  two 
ways — one,  in  the  ordinary  maimer,  only  spacing  the  laths  somewhat 
further  apart  than  would  be  advisable  on  the  interior  of  the  dwelling. 
The  other  method  consists  in  laying  the  laths  diagonally  over  the 
building  in  such  a  manner  as  to  form  a  criss-cross  lattice-work.  In  this 
case  the  distance  between  the  laths  is  from  three-fjuarters  to  seven- 
eighths  of  an  inch,  so  as  to  allow  the  plaster  to  enter  easily  and  form  a 
solid  clinch  behind  these  lattice  openings.  The  purpose  of  the  diagonal 
criss-cross  lattice  is  to  provitle  more  or  less  flexibility  for  the  wall 
covering,  so  as  to  take  up,  without  injuring  or  cracking  the  plaster- 
ing, a  certain  amount  of  the  movement  that  may  always  be  expected 
in  a  wooden-framed  dwelling.  This  method  of  employing  lath,  by  the 
way,  is  in  most  localities  almost  as  expensive  as  the  use  of  wire  or  metal 
lath,  which  is  probably  a  safer  and  surer  material  to  employ.  As  large 
and  as  good  a  quality  of  heavy  wood  lath  as  can  be  secured,  shoukl  be 
provided  for  exterior  work.  Lath  cracks  are  also  then  to  be  expected, 
from  the  sarhe  reasons  that  apply  to  interior  work;  while  the  mortar 
should  be  somewhat  softer  and  slower  drying  when  used  upon  this 
material  than  when  employed  upon  a  metal  surface. 

If  possible,  it  is  advisable  so  to  arrange  the  work  upon  the  house 
that,  after  the  completion  of  the  frame,  some  time  will  still  elapse 
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lnfi>rr  till-  |ilasftr  is  applicil.  If  tin*  fniiin-  can  Im-  lMtanlc<i  in,  and 
tlif  int«'rii>r  «)f  tin-  lioiisr  plastcnil  and  lini>ln-<l  innl»T  artiiicial  lu-at 
diirin;;  thf  winter,  and  tin-  rxU'riur  |»la.st<T  addtnl  in  tin*  sjirinj;,  j»n»l>- 
al)ly  ilic  In-st  rt'snlts  an-  td  lie  fxprctnl.  ( )|)|)t)nuiiity  is  tlit-n  jirDvidiil 
for  tin-  fraint"  U>  shrink,  settle,  anti  eontniet.  Most  of  tlie  weiijlit  to  Ik* 
j)laee«l  ir)side  of  tli«-  Imildin;;  is  then  also  installe<|  l»«'fori*  the  exterior 
surface  is  applinl,  so  that  inn<h  les.s  strain  and  movement  mav  Ik? 
ex|)e<-teil  afterward  to  alVect  it  thai!  would  l>e  prohaMe  iin<ler  the 
op[)osit»'  condition^. 

IHTTlNvi  ON    I  in:  I'LASILk 

Kxterior  pla>ter  re<|iiires  three-<i»at  work.  The  first  or  scratch 
coat  is  indispensaltle  when  in«tal  ()r  wire  lath  is  iisi^l,  Init  almost 
tHpiallv  iin|)ortant  over  wood  lath,  'i'his  lirst  <-oat  should  he  ser.itehe*! 
or  roii^'hened  while  drying,  and  must  l>e  thoroui^hlv  drv  hefon-  the 
seeoiiil  coat  is  applied.  A  fjreater  time  ou^lit  to  ela|i>e  hetween  the 
applications  of  exterior  than  of  inferior  plaster  coats,  inasmuch  as  it 
then  hecoines  possible  to  cut  out  luanv  of  the  larj^cr  and  more  im|>ort- 
aiit  cracks  tiiaii  liavr  had  time  to  a|)|icar,  and  to  |>atch  them  hcfore 
the  second  coat  is  j)Ut  upon  the  house.  Tin'  second  or  lirown  coat  is 
then  the  less  likely  to  crack ;  and,  if  a  further  extra  time  is  alloweil  the 
phusteriiij;  to  dry,  it  can  also  Itc  patched  at  ihr  hi>t  iiioiucnt  hcfore  the 
final  slapnlash  or  linishin^'  coat  is  |)ut  upon  the  walls.  'I'his  slower 
j>ro^'ress  aids  in  j^ivin^'  a  more  permanent  jol»  and  one  lliat  is  at  the 
.same  time  less  likely  to  ^ive  aiiiioyaiicc  fn mi  surfac  ••  cracks  afterwani 
makin;^'  their  ap|»ea ranee  in  the  finish  plastering'. 

The  ipicstion  of  pro|>ortion  in  mixin;,'  the  plaster  is  <|uite  as 
varialilc  Imic  as  in  the  (jr^c  of  iiucrinr  pj,isterini,',  and  it  is  eijually 
impossihie  to  ^'ive  ali.solutely  definite  directions.  1  )ifrerent  plastc-rers, 
each  l)ein^  ;,'uided  hv  the  experience  ohtaineil  fnun  working;  in  dif- 
ferent seitionsof  tlicc(»iuitrv,  prefer  llieir  iiidividuallv  different  wavs  of 
pro|)ortionin;;  or  mixin;,'  their  materials.  In  the  lirst  coat,  cement  is 
addeil  to  the  lime  mortar  in  pro|)ortions  varvin;:  hetween  ten  and  forty 
per  cent  of  the  mivtiiie.  .*-^ome  |ilasterers  prefer  that  the  first  e«mt 
should  he  jess  stiffened  with  <eineiit  tiiaii  the  second.  With  others 
the  reversj"  is  true;  while,  conlrarv  to  the  ^eiu-ral  su|>|M>silion,  llie 
exterior  coal  appear-,  in  the  majority  of  eases  to  c«>ntaiii  only  that 
amount  of  (  eineiit  iu'«e>-sary  to  pro\  ide  the  lone  or  color  that  is  dc'siretl 
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for  the  exterior  treatment.  Conditions  also  greatly  affect  these  propor- 
tions. When  the  plaster  is  added  last  on  a  well-seasoned  and  shrunk 
frame,  for  instance,  it  is  worked  stiffer  than  when  the  building  is  newer 
and  still  far  from  finished. 

The  final  coat  for  exterior  plaster  is  generally  applied  as  a  slap- 
dash finish,  the  surface  texture  being  given  by  the  throwing  of  hand- 
fuls  of  variously  sized  pebbles  or  gravel  upon  the  fresh  outer  coat,  thus 
pitting  or  marking  up  its  surface.  The  smaller  the  size  of  the  particles 
employed  for  this  purpose,  the  more  likely  they  are  to  stick  and  remain 
in  the  fresh  putty,  slightly  tinting  the  surface  with  the  color — if  any — 
of  the  gravel  employed. 

The  coloring  of  exterior  plastering  is  done  in  much  the  same  way 
as  when  it  is  used  inside  the  dwelling.  As  a  rule,  it  may  be  said  that 
not  sufficient  consideration  is  bestowed  in  this  country  upon  the 
possibilities  provided  by  the  use  of  color  for  exterior  plaster  work. 

It  is  agreed  that  the  utmost  care  to  prevent  absolutely  any  leakage 
is  necessary  on  the  part  of  the  workman  in  the  carrying  out  of  this  class 
of  work;  and  it  is  here  that  the  success  or  failure  of  exterior  plastering 
most  often  hinges.  Of  course,  the  joints  occasioned  by  the  juxtaposi- 
tion of  the  wood  finish  and  plaster  around  window  and  door  openings 
offer  many  opportunities  for  leakage.  The  plaster  should  here  be 
carefully  flashed;  and,  if  possible,  an  outer  architrave  backhand  should 
afterward  be  put  on  so  as  to  cover  and  protect  this  joint.  Otherwise, 
a  key  should  be  provided  for  the  plastering,  by  cutting  away  or  hollow- 
ing out  a  space  near  the  inner  edge  of  the  wood  facure,  into  which  the 
plaster  may  be  pressed  by  the  workman,  and  leakage  thus  prevented 
even  if  the  wood,  as  is  quite  likely,  shrinks  slightly  away  from  the 
plaster  after  it  has  been  put  in  place. 

The  problem  of  making  tight  this  exterior  plaster  wall  is  com- 
plicated and  rendered  more  difficult  when  it  is  divided  into  panels  by  a 
so-called  half-timber  treatment.  In  this  style  of  design,  a  great  number 
of  joints  between  plaster  and  wood  are  occasioned  where  the  wide 
wood  boards  are  almost  certain  to  shrink  away  from  the  plastering, 
and  where,  too,  it  is  impossible  to  protect  these  joints  by  outer  applied 
battens  in  any  way  capable  of  covering  such  an  opening  as  may  occur. 
Thorough  flashing  on  all  upper  exposed  surfaces,  assisted  by  protecting 
overhang  of  the  roof  eaves,  and  broad  keys  provided  for  the  entrance  of 
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ill)-  |ila>t<-i-  at  all  jx  r|Miiili(-iilar  ami  Iuvvit  liiiri/.niilal  joiiils,  iiiiist  aliiiu* 
Im-  n[if<|  U|XMi. 

I  iidi-r  no  rinuiiistaiicfs,  so  far  as  tin-  lastiii;;  vaiiH"  of  tiu'  work  Ls 
roiif«Tii»il,  lioi's  tin-  iiiixtiiri-  play  vi  iiii|>ortaiit  a  part  us  tin*  fxjiencliiig 
t)f  ;;rt'at  care  ti|)<)ri  tlir  tliorouijli  .surfacing.  \vorkiii|;.  aiitl  iiiiisliiii^  of 
the  mortar,  pressiiii;  it  iiitocvcrv  en-vie*'  providcil  to  reeeive  it,  Ha.sliin({ 
tlioroiij:lilv  t'verv  t'.\|)osf<l  <tr  upper  surface  provide*!  liy  the  tiiii.sh,  and 
takiiij;  everv  precaution  to  work  out  all  j)inlio|e.s  or  other  deftt-ts  where 
water  could  jH)s.sil>ly  |)enetrate  the  surface.  Hvery  care  an<l  endeavor 
is  directi"*!  to  providinj;  a  soliil,  evenly  worke<l.  and  permanent  coatinj^ 
which  will,  in  ever}'  |)ossil)le  way,  throw  olT  and  pn-vent  moistun-  U-inj; 
admitted  int(»  the  space  hack  of  the  plaster  coating — that  vulnenihle 
|)ortion  where  its  attack  is  most  <'IVe<-tually  con<*eale<l  and  most  to  be 
ilreade<l. 

The  exterior  plaster  tnalmciit  of  a  cement  or  concrete  wall  is  a 
proltlem  tiiat  fnmi  now  on  will  continue  to  he  of  rapidly  increasing 
imp<»rtance.  Here,  however,  it  is  hut  necessary  to  use  the  cement  Jis 
nearlv  in  at  as  j)ossil)le,  addinjj  lime  or  a  mak*-  of  white  cement  in  case 
a  liriijhter  surface  color  is  desiralilc  'i'lic  prohlem  of  the  avsthetic 
treatment  of  concrete  construction  is  oin-  that  retpiires  separate  and 
particular  consideration.  Its  solution  has,  as  yet,  heen  hanlly 
attempte<l.  Hollow  tcrranotla  tile  is  another  mat«'rial  that  is  Immh;; 
niiMlernlv  usnl  more  and  more  as  a  structin'al  l»ase  to  take  an  exterior 
pla.ster  surface  iinish. 

The  .student  desiring  to  olitain  a  wider  knowlnlge  of  tlu'  intricate 
sul)je<'t  of  I'Xterior  plastering,  may  he  refernti  to  sevi-nd  articles  pul>- 
lisheti  in  the  I*.M)7  numhers  of  Thr  Arrhitcvtural  Itrririr.  Hoston.  Kor 
a  work  treating  historically  and  practically  of  the  cntir*- art  arid  cnift  «jf 
plastering— within  an<lwilhout  thedwelling  sec  Mr.  William  Millar's 
treatise  "I'laster,  IMain  and  I  )ecorative."  it  wouM  he  as  well  to 
renunil)cr.  in  con.sulting  the  latter  volume,  that  it  was  i.s.siu«d  in  1S07, 
and  that  the  siihjcct  is  trcatnl  from  the  point  of  view  of  un  Knglish 
workman,  accustomed  ti>  methods  and  materials  somewhat  dilTcn-nt 
from  those  conunon  in  .\merican  practice. 
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Intrtxluctory.  'i'lic  lir-t  tiim;,'  a  m.m  wislu-s  in  know  wlu-n  lir 
(•«)iit»'iii|)l;iif^  painting  a  lioiisc,  is  xUrcosf.  This  will  ohvioiisly  (lf|M-ii(i 
nil  tlir  <-ist  nf  ialtor,  <if  materials,  ami  tlir  kiml  of  materials  cliosfii. 
The  (>iit.si«le  of  a  lutiise  is  paiiitetl,  either  in  whole  or  in  part ;  the  interior 
mav  Ik-  |>ainte<l  or  varnished.  Some  houses  have  their  walls  partly 
covtreil  with  shinf,'les;  these  shinjjles  are  sometimes  paintnl.  and 
sonu'times — in  fact,  often — left  un])ainte«l;  hut  what  iscalle<i  the/r/m  — 
that  is,  the  hoarding;  ai)out  the  eaves,  wintlows,  doors,  the  l)ase-lK)aril. 
anti  corner-pieees — is  painteil.  Shinf!;los,  either  wall  or  roof,  are  often 
stained  with  a  creosote  stain  consistinii  of  a  colorinj;  matter  dissolvi-*! 
or  suspi-ndetl  in  a  li(|uid  calletl  cnosotr,  which  is  applictl  for  the  pur[x»se 
of  pnservintr  them;  and  thoufjh  instances  can  he  citetl  in  which  wall- 
shin;,'les  that  were  never  stained  are  still  doinj;  /.jood  service  although 
heiieved  to  he  now  two  hundreil  and  tifty  years  old,  yet  the  use  of 
creosote  will  uiidouhtedly  j)ro|ont;  the  life  of  UKHlern,  siiwn  shiufjles,  as 
it  is  noxious  to  insc-ct  life  and  a  ]M)werfuI  deterrent  of  natural  (Kt-ay. 
The  color  of  unpaiute<l  new  shin^'les  is  <;enerally  disliketl;  hut  after 
four  or  five  years  wall-shin<jles  take  on  a  beautiful,  soft  color.  'I'he 
<|Uestion  of  staininj;  shin<jles  is  a  matter  of  taste. 

Most  houses  are  exteriorly  paitititl  with  j)aint  hased  on  white  lead 
or  zinc.  Some  idea  «)f  the  cost  may  perhaps  he  ;:aiu«'d  from  tin- 
following  considerations: 

\\  hitc  load  i.s  sold  oitlicr  Krouiiil  witli  a  littli"  oil   f<»  n   tliitk  pasto.  or 
\rsn  <oriuiiorily  — ill  the  dry  .stiiti-. 

.\  ini.xtiirt' of  lOO  |)(>uii<l.s  i>f  dry  wliito  load  wit li  .'»  nailon.s  of  linsord 
oil,  tnakcM  ft\  nallon.s  of  paint,  weiniiiiiR  21.3  ll).**.  |ht  h:i1. 

Approxiiiialc  tiKiin-ft  an*:  15  U).-*.  pa.stf  lead  ami  •>..'$  IIi.m.  oil  tHjual.s  I  nal 
(1  KnI-  oil  ifiualH  7.7  li)N.);  II  IIin.  dry  load  and  7}  ll>t<.  oil  i<<|uhI8  I  pd. 

.\  mixture  of  \(H)  pouiidN  of  white  /iiio  and  S||  ^sU.  oil,  niako^  1(1}  ga\.  of 
paint;  12  Win.  zinc-  atid  1  |{al.  oil  make  1.3  gal.,  or  l^'t  II).-*.  xinr  and  .'i.7  lltx 
oil  iiiako  1  j»al.  white  zino  paint  woi^hinK  l.'>.2  Ihn.  I>ark  mlnnMl  paintN 
made  from  iron  oxiiloH,  ocli(>n<,  and  the  like,  wei^h  l2to  I  I  ;  ^rallon; 

hut  exact  liKun-H  i-aniiot  Ih>  K>von,  uh  the  raw  malerial.t  dill 

Here  should  hi  iiuicd  the  c|iJF«'n'nc»' iH-tween  the  prjiuiiij;  c«»at  and 
the  suceeetlinj;  ones.     .\  primiiKj  mat  is  the  lirst  <n)at  ap|»lietl  to  the 
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clean  wooden  surface;  it  difTers  from  the  other  coats  in  containing  more 
oil,  because  the  wood  will  soak  up  the  oil  and  leave  the  coloring  matter 
of  the  paint  on  the  outside. 

To  make  the  paint  for  the  priming  coat,  take  a  gallon  of  the  paint 
already  described  and  mix  with  it  a  gallon  of  raw  linseed  oil.  Paint 
thus  made  is,  of  course,  lower  in  price;  it  is  also  much  thinner;  but 
such  is  the  absorbent  power  of  the  wood,  that  the  priming  paint  does 
not  cover  as  much  surface  as  the  succeeding  coats  per  gallon.  A 
gallon  of  this  thin  priming  coat  covers  300  to  400  sq.  ft.,  while  a  gallon 
of  second  or  third-coat  paint,  well  brushed  out,  will  cover  about  twice 
this  surface;  this  is  because  the  surface  for  all  but  the  first  coat  is  hard 
and  non-absorbent.  Priming  coats  are  used  for  both  outside  and 
inside  work,  as  will  be  described  later. 

The  dark-colored  paints  are  usually  cheaper  than  those  made 
from  lead  and  zinc,  and  if  made  of  good  materials  are  not  inferior  in 
durability;  the  extraordinary  claims  made  by  the  zinc  and  lead  manu- 
facturers are  to  be  received  with  much  doubt.  Some  of  the  dark- 
colored  paints  are  the  most  durable  that  can  be  applied  on  wood.  The 
chief  cost  of  painting  is,  however,  that  of  labor,  which  varies  according 
to  locality  and  other  conditions,  seldom  being  less  than  twice  that  of 
materials. 

For  light-colored  paints,  it  is  better  to  use  raw  linseed  oil  to  which 
pale  japan  dryer  may  be  added,  as  described  later;  for  dark  colors, 
either  this  or  boiled  oil,  boiled  oil  being  darker  in  color.  The  cost  is 
practically  the  same;  also  the  durability. 

On  inside  work  may  be  used  either  oil  or  enamel  paint,  as 
described  later,  the  former  being  the  cheaper,  the  latter  the  handsomer 
and  slightly  more  durable;  or  the  wood  may  be  finished  in  its  natural 
color,  by  varnishing  it  either  with  an  oleo-resinous  varnish  or  with 
shellac  varnish.  The  oleo-resinous  varnishes  darken  the  wood  very 
appreciably,  while  white  shellac  varnish  keeps  it  more  nearly  in  its 
natural  color;  although  the  latter  does  not  prevent  the  natural  darken- 
ing action  of  light,  it  may  retard  it.  Shellac  varnish  is  the  more  expen- 
sive finish  of  the  two,  if  well  applied.  AMiat  is  sometimes  called  oil 
finish  generally  consists  in  the  application  of  a  cheap  varnish  called 
hard  oil,  which  is  usually  made  of  common  rosin,  linseed  oil,  and  ben- 
zine.    Its  only  merit  is  that  it  is  cheap. 
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SUMMER  HOME  OF  DR.  J.  B.  McFATRICH,  LAKE  GENEVA,  WIS. 

AV.  C'arbys  Zimmerman,  Ai-chitect,  Chicago,  III. 

Frame  House  Built  In  1906.    Plan  is  Conditioned  by  Narrowness  of  Lot  Overlooking  the  Lake.    The  Interesting 
Feature  is  the  Screened-in  Porch,  which,  by  a  .Series  of  Folding  Doors,  can  be  Made  Part  of  the 
Living  Room.    The  High  Frieze  in  the  Living  Room  is  Decorated  with  Woodland 
Scenes  Showing  the  Lake  and  Hills  in  the  Distance.    Exterior  and 
Interior  Views  Shown  on  Page  328. 


I'AINTIXC  3 

It  would  iiitlrtil  l'<-  [HJSsiMf  to  aji|)ly  lu-itlitT  paint  nor  vaniLsh, 
hut  nuTflv  to  sjituratf  the  \voo«l  with  oil,  ami  this  woul<l  U-  truly  an 
oil  linish;  it  woulti,  howevir,  make  tlu'  woo*!  thirk  ami  •liiijijy,  an«l 
woulii  rradily  retain  <lirt,  and  is  a  practitr  srldom  followed  exwpt 
sonictiiiU's  t)n  lliM)rs — cspifially  kitclu-n  floors — ami  sink  slu-Ivi-s. 
Tlu-sf  art'  at  frf<|uent  intervals  oiletl  with  a  mixture  of  iHjual  parts 
l)oilc<l  oil  and  turpentine. 

It  is  the  pur|K)se  of  this  Instruction  PajxT  to  describe  only  ^timhI 
anti  approveil  niethotls.  It  will  readily  he  understtxjd,  and  will 
certainly  he  ohservcd  in  practice,  that  these  methods  may  Ik'  ahhn*- 
viate<l  hv  the  omission  of  some  details  that  are  here  sjK-cifie*!  as  desir- 
alile.  For  instance,  it  is  difficult  to  <,'et  interior  finish  sandpajx-retl  or 
ruhl)e<l  between  coats,  even  if  so  contracted;  hut  this  is  the  ri^ht 
practice.  Two  coats  of  varnish  often  have  to  .se^^■e  in  the  place  of 
f\)ur.  Xo  one,  however,  neetls  to  he  told  these  thintjs.  The  metluxls 
herein  described  are  not  lu.xurious  or  extravatjant ;  they  arc,  on  fairly 
^o(m1  h(»uses,  truly  economic  al ;  and  we  are  not  considering  temp<jrary 
structures. 

It  is  not  uiicuuunon  to  lind  part  of  a  house,  as  the  livinj;  r(M)ms, 
fini.^iied  in  varnish,  and  the  kitchen  and  j)antry  paintitl  with  oil 
paints,  which  are  lighter  in  color  and  more  easily  reni-wiMl.  The 
.sleeping  rooms,  on  the  other  hand,  an-  often  fini.sheil  in  enanul  paints, 
because  color  effects  are  desired  to  harmonize  with  the  furnishinpi; 
an<l  bathrooms  are  almost  always  done  in  enamel  for  sanitary  con- 
siderations. The  taste  and  inclination  of  the  owner  are  to  U-  con- 
sulted in  regard  to  all  these  matters. 

PA1NTE2RS'    Sl'PPLinS 

Pigments  and  \'ehiclcs.  Paint  is  a  mixture  of  a  ^mely-<livid»^l 
s<»lid  sul)stanee  with  a  li(|uid  which,  when  s|)read  on  a  solid  surface 
with  a  brush  orotherwi.se,  will  adhere  and  in  a  short  time  form  by 
eva|)oralion,  or  more  commonly  by  oxidation — a  somewhat  hanl  and 
tough  film.  The  finely  divided  solid  is  calletl  the  piijinrnt;  the  lii|uid 
part,  the  vchirlr.  The  most  eouuMon  vehi<-|e  is  lin.strd  oil.  This  is 
ati  oil  obtained  bv  pn'ssiin*  (i»r  «'Xtnietion  by  .solvents'*  from  flax.seetl. 
When  spread  out  in  a  fihn  an<l  ex|M»s«-il  to  th«-  air,  lin.sittl  oil  is  con- 
verted into  a  tougli.  leathery,  elastic  substance  called  liiioriti,  in.<;olul)le 
in  water  ami  all  enuunon  solvents.     This  change  is  bnuight  al>out  by 
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absorption  and  chemical  union  of  the  oxygen  of  the  air,  whereby  the 
weight  of  the  oil  is  increased  about  one-fifth  or  one-sixth.  It  is  tliere- 
fore  a  mistake  to  suppose  that  oil  paint  gets  dry  as  whitewash  does, 
by  the  evaporation  of  the  liquid.  Instead  of  that,  it  gets  heavier. 
There  are  some  other  vegetable  oils  which  have  this  property  in  some 
degree,  but  none  which  are  used  for  paints  to  any  considerable  extent; 
some  are  used  a  little  for  artists'  colors. 

Linseed  oil  should  stand  at  least  a  month  or  two  before  using. 
It  should  then  be  perfectly  free  from  sediment  or  cloudiness;  if  it  is  not 
so,  this  is  a  sign  that  the  oil  has  not  been  properly  aged,  and  such  oil 
is  not  fit  for  making  paints.  In  this  natural  state,  it  is  called  raw  oil; 
and  the  price  of  linseed  oil  as  commonly  quoted  refers  to  raw  oil. 
Boiled  oil  is  this  raw  oil  which  has  been  heated,  usually  to  450°  or  500° 
F.,  with  the  addition  of  a  small  amount  of  oxide  of  lead  or  oxide  of 
manganese,  or  a  mixture  of  the  two  (occasionally  some  other  lead  or 
manganese  compounds  are  used).  Boiled  oil  is  darker  (browner)  in 
color  than  raw  oil,  but  differs  from  it  chiefly  in  that  it  dries  five  to  ten 
times  as  rapidly.  A  thin  film  of  raw  oil  on  a  glass  or  metal  surface 
will  dry  at  ordinary  temperatures  in  five  or  six  days,  so  as  to  feel  no 
longer  greasy;  but  boiled  oil  will  do  the  same  in  a  day  or  half  a  day. 
Oil  dries  best  in  warm,  dry  weather  and  out  of  doors. 

The  pigment  is  mixed  with  the  oil  by  stirring  the  two  together. 
This  is  usually  done  by  power,  in  a  vessel  called  a  paint  mixer.  The 
mixture  should  then  be  run  through  a  paint  mill;  some  paint  mills  are 
of  steel,  but  the  best  have  a  pair  of  mill-stones,  between  which  the 
paint  is  ground  and  most  thoroughly  mixed.  Paints  mixed  in  this 
manner  are  much  better  than  those  which  are  mixed  only  by  stirring. 

Besides  oil  and  pigment,  paint  sometimes  contains  a  volatile  thin- 
ner, the  most  important  thinners  being  turpentine  and  benzine.  Tur- 
pentine is  a  well-known  essential  oil,  volatile,  boiling  at  about  320°  F., 
but  evaporating  at  ordinary  temperatures  when  exposed  to  the  air. 
Benzine  is  a  mineral  oil,  lighter  than  kerosene  and  heavier  than  gaso- 
line; the  kind  used-  in  paint  and  varnish  is  called  "62-degree 
benzine,"  its  specific  gravity  being  62°  on  the  Baume'  scale  for  liquids 
lighter  than  water.  Linseed  oil  weighs  7.7  lbs.  per  gallon;  turpen- 
tine, 7.2  lbs. ;  and  62°  benzine,  6.1  lbs.  But  linseed  oil  is  sold  by  the 
oil  makers  and  dealers  on  the  basis  of  7.5  lbs.  per  gallon. 
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A  drver,  in  .some  form,  is  an  I'ssi-iitiul  irif^rttlient  of  oil  jxiirit. 
A  driftr  is  a  comiimxiikI  of  l«-ail  or  muti^aiicse  (^•luTiilly  l»otljj,  .yjliilile 
in  oil,  and  is  usually  sold,  nndiTtlir  nainr  u{  paint  ilrijrr  ur  paint  ju pan, 
as  a  solution  of  sik-Ii  material  in  a  mixturt-  of  oil,  tur|M-ntint*,  and  Ihmi- 
ziiif.  It  i>  usually  of  siicli  stnii;:tli  that  an  aildition  of  from  o  to  10 
jH-r  crnt  of  it  to  a  raw-oil  paint  will  inirkr  it  dry  in  from  six  to  twt-lvr 
hours  sullicitntly  to  he  carefully  liandlctl.  I'aints  are  not  <lry  eiuiU^li 
to  use,  luitil  tiny  have  stood  four  times  as  lonj^  as  this;  and  they  <i)n- 
tinue  to  harden  for  months.  Hie  stniui^est  dryin;;  ja|>ans  are  <lark  in 
color;  liut  suth  are  more  injurious  to  the  durability  of  the  paint  than 
those  which  are  |)aU'r,  esix-CMally  if  the  latter  do  not  contain  rosin. 
'I'he  liuver  should  always  ask  for  a  ^niaraiitee  that  the  dryer  is  fn"*- 
fnun  n)sin,  if  i^reat  durahility  in  the  paint  is  nec-ih"*!.  Not  more  than 
10  |Mr  cent  of  any  dryer  or  japan  should  ever  Ik?  use<l  in  any  paint. 
Slowlv  drvin;^  paints  are  more  durahle  than  '(uiek  ones. 

In  house  piintiu};,  the  white  pi^'ments  are  the  most  im|)ortant, 
hwausi-  they  are  the  ha.se  of  all  li<,'ht-eolored  paint.s.  The  most 
imjM)rtant  white  j)ii;ment  is  white  had.  This  is  .sold  either  as  a  dry 
|M)wder,  or  (more  eonnnonly)  as  j)aste  white  lead,  which  is  made  of 
*K)  ll)s.  dry  white  lead  and  10  Ihs.  Iin.sec<l  oil.  This  can  he  thinniii 
with  hoih'd  oil  to  make  a  white  paint.  White  lead  is  a  very  heavy 
pijiment;  and  with  a  ^iven  (piantity  of  oil,  more  of  it  can  he  mixeil 
than  of  any  other  pifjment,  except  red  lead.  It  has  jjR'Ut  opacity, 
or  covering;  |)ower.  It  is  discoloretl  hy  j;a.ses  eontainiufj  sulphur, 
heeominj^  hrown  or  hlack;  and  unless  exjxwed  to  fairly  strong;  li^'ht,  it 
hectmies  vellowi.sh  even  in  pure  air.  It  is  better  if  it  ha>  liecii  mi\c<l 
with  the  oil  for  .some  time — a  year  or  more. 

117/(7/'  zinc  is  a  somewhat  purer  white  than  white  lead;  not  so 
opaipie.  Three  coats  of  h  ad  arc  reckonnl  c<|ual  to  live  coats  of  zinc. 
It  l>e<-om«'s  harder  than  lead,  hut  is  somewhat  liable  to  jhh'I  olf;  while 
lead,  after  ex|H»sure  to  the  air  for  a  lonjjtime,  becomes  dry  and  |M)w«lery 
on  its  surface,  aixi  rlialk.i. 

A  mixture  of  two  parts  of  lead  and  oiut  of  zinc  is  much  liked. 
VAnr-lrad,  however,  is  the  name  of  an  entirely  ililferi'nt  pigment,  ma  le 
bv  furnacin^  on-s  containing  alniut  e<|Ual  parts  of  leail  and  zint-. 
in  which  the  lead  is  present  as  a  sul|)hate.  I'his  pipncnt  is  fnv  from 
till'  liabilitv  to  turn  brow  u  if  e\|H)seil  lo  sulphur  pises;  it  is  .said  to  Im- 
not  (|uile  ^o  pure  a  while  as  the  preinlinj,'.      It  is  a  «*oinpanitiv«'lv  new 
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pigment,  but  is  coming  rapidly  into  use,  being  somewhat  cheaper  than 
the  others.     Lithopmie  is  another  white  pigment  of  considerable  merit. 

Adulterants.  All  these  pigments  may  be  adulterated  with 
barytes,  or  with  terra  alba  (sulphate  of  lime),  sometimes  with  whiting 
(carbonate  of  lime).  These  adulterants  are  powdered  minerals. 
Barytes  is  a  good  pigment,  so  far  as  protective  action  goes;  and 
terra  alba  is  thought  by  some  good  authorities  to  be  unobjectionable; 
but  whiting  is  injurious.  All  of  them  are  transparent  in  oil,  and 
lessen  the  opacity  or  whitening  power  of  the  paint. 

From  these  white  paints,  colored  paints  are  made  by  adding 
tinting  colors,  of  which  the  yellow  is  chiefly  chrome  yellow,  or  chromate 
of  lead;  the  blue  may  be  either  ultramarine  or  prussian  blue;  and  the 
green  is  chrome  green,  a  mixture  of  chrome  yellow  and  prussian  blue. 
The  reds  are  (in  house  paints)  made  from  coal-tar  colors,  and  most  of 
them  are  now  fairly  fast  to  light.  Some  dull  yellow  colors  are  made  from 
ochers,  which  are  clays  tinted  with  iron  oxides,  roasted  and  ground. 
These  are  permanent  colors. 

The  dark-colored  paints  may  not  contain  lead  or  zinc  at  all.  The 
deep  yellows,  greens,  and  blues  are  made  from  the  colors  already 
named  as  tinting  colors,  none  of  which  are  entirely  fast  to  light;  the 
dark  reds  and  bro\\ais  are  chiefly  iron  oxides,  which  are  a  valuable  class 
of  paints,  very  permanent  on  wood.  The  blacks  are  either  lamp- 
black or  drop-black  (bone-black)  and  other  carbon  colors;  and  these 
are  often  added  in  small  quantity  to  secure  some  desired  tone  or  shade 
of  color. 

The  zinc  and  lead  pigments  have  some  action  on  oil,  and  in  their 
case  it  is  considered  the  best  practice  to  apply  thin  coats;  but  the  dark 
pigments  do  not  act  on  oil,  and,  of  these,  thick  coats  are  best  for  dura- 
bility. 

Paint  and  Varnish  Brushes.  A  brush  that  has  only  a  low  price 
to  recommend  it  will  prove  a  poor  investment.  If  properly  cared  for, 
brushes  last  a  long  time,  and  it  pays  to  have  good  ones.  The  first  sign 
of  a  good  brush  is  uniform  quality  from  outside  to  center.  Inferior 
brushes  have  inferior  bristles  in  the  middle,  and  some  poor  brushes 
are  actually  hollow.  For  ordinary  oil  painting,  the  bristles  on  a  large 
new  brush  should  be  five  or  six  inches  long,  uniformly  flexible,  and  as 
stiff  as  can  be  found ;  they  will  be  flexible  enough  anyway,  but  all  should 
be  alike. 
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I'aiut  l)nislu'.s  an-  nnind,  flal,  or  ural.  A  favoritr  Wrusli  for 
onliiiary  tuitsiilc  work  is  what  is  callnl  a  jjoitnJ  hnu/i.u  larj^*-.  rouiul 
hriisli  witli  stitV  l)ristlfs  six  iiiclit's  lon;^.  Such  a  brush  shoulil  In- 
hriillal \\\\vi\  it  is  new — a  "liritllr"  hcin^  a  piwe  of  conl  woiin<l  around 
the  hristks  to  shorten  their  etrettiv*-  U-n^^th;  as  tlie  hristh^s  Ijecome 
worn  t)fr,  the  hridU-  may  l»e  reinovinl.  A  21-inch  <jval  brush  (2J 
inches  wide)  is  a  highly  siitisfactory  t(x)I  to  use  in  general  painting, 
and  is  the  brush  recouiniende<l  by  the  paint  conHnittef-  of  the  American 
S)ciety  for  Testing  Materials.  It  is  worth  noting  that  this  c<Hrnnittee, 
made  up  e«|ually  of  expert  paint  manufactun'rs  and  experts  employetl 
by  the  large  consumers,  unanimously  agreed  that  no  larger  brush  than 
this  should  be  used  in  making  paint  tests. 

The  use  of  brushes  five  inches  wide  is  common  for  outside  work; 
but  while  such  brushes  may  be  had  of  the  l>est  (piality,  they  are  heavv 
and  lab()rit)Us  to  u<.v,  and  the  workman  who  uses  such  a  brusli  will  not 
brush  the  j)aint  sufficiently  to  get  the  best  result.  If  a  Hat  brush  is 
usetl,  it  should  not  exceed  3'  inches  in  width;  and  three  inches  is 
better.  A  gotnl  2\-inch  oval  varnish  brush  is  a  most  excellent  brush 
for  all  large  work  in  either  paint  or  varnish.  The  painter  should  also 
have  a  gcxnl  1  l-inch  oval  brush  for  smaller  work,  and  a  number  of 
nnmd  or  oval  brushes,  called  .sa.th  tools,  of  different  smaller  sizes,  for 
more  delicate  work,  such  as  .sa.sh  and  frame  painting.  Stitf-bristle 
brushes,  w  Inch  have  been  worn  off  short,  are  suitable  for  such  work  as 
rubbing-in  filling.  For  varm'shing  large  surfaces,  flat  bristle  brushes 
2'.  inches  wich-  are  good;  also  similar  ones  2  inches,  11  inches,  ami  1 
inch  wide  are  useful.  All  flat  brushes  should  have  chiseletl  iilge.s. 
For  flowing  vami.sh,  it  is  ne<'es.sary  to  have  thick,  flat,  camel'.s-hair 
brushes,  nimiing  up  to  "Jj  inches  in  width,  although  most  hou.se 
varnishing  may  be  done  with  brushes  not  over  '2\  inches  wide. 

liesidi's  j)aint  brushes,  the  workman  will  need  .some  i>nlinary 
.<<rrulilii)if/  hrit.slii.s  aixl  one  or  (wo  painter's  (histitKj  hru.ilir.i,  to  have  the 
surface  projH-rly  clearud. 

Steel-win*  brushes,  with  stiff  .steel  win*  instead  of  bristles,  sha|Mt| 
like  scrubbing  brushes,  are  used  for  cleaniiig  off  old  pinnt  and  for 
cleaning  structunil  metal  work.  'I'he.se  are  of  various  sizes;  ami  the 
steel  wires  are  (»f  different  lengths  and  sizes,  hence  differing  in  stilTne.'vs. 
They  may  In-  Iwul  :it  hardware  ston-s. 

Care  of  I'.ruslics      Hair  and  bristle  brushes  nuist  U-  kept  clean 
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and  soft;  this  can  be  done  by  care  and  faithfulness.  They  should 
not  be  allowed  to  become  dry  with  paint  or  varnish  in  them.  To 
prevent  this,  wash  them  out  in  oil  or  turpentine  as  soon  as  you  are 
through  using  them ;  or  they  may  be  left  in  the  paint  or  varnish  for  a 
few  days.  They  may  be  kept  over  night  by  wrapping  them  very 
closely  in  paper  if  they  have  been  used  in  a  slow-drying  material;  in 
this  way  they  may  be  carried  from  one  place  to  another.  Brushes 
should  not  be  left  to  dry  with  even  clean  oil  or  turpentine  in  them;  if 
they  are  to  be  put  away,  they  should  be  well  washed  first  with  soap 
and  water,  then  with  clean  water,  then  hung  up  until  thoroughly  dry. 

In  use,  brushes  are  best  kept  in  what  is  called  a  brush  safe.  A 
deep  wooden  pail,  with  nails  driven  in  its  sides  at  different  distances 
from  the  bottom,  and  with  a  close  cover,  makes  a  good  receptacle 
for  brushes.  The  brushes  have  holes  in  their  handles,  or  loops  of 
cord  tied  to  them,  and  are  hung  on  these  nails;  their  bristles  dip  into 
some  turpentine  or  oil  in  the  bottom  of  the  pail ;  they  are  so  hung  that 
they  do  not  dip  into  the  liquid  above  where  the  bristles  project  from 
the  binding.  If  brushes  are  left  standing  on  the  bristles  on  the  bottom 
of  a  vessel,  they  soon  become  one-sided  and  distorted  in  shape.  Tin 
brush-safes  may  be  bought  of  any  large  dealer  in  brushes. 

A  brush  which  has  dried  with  paint  or  varnish  in  it,  may  be 
recovered  by  soaking  it  in  a  non-alkaline  varnish-remover.  This  will 
in  time  soften  it  so  that  it  may  be  used  again,  but  it  is  not  improved  by 
such  treatment.  Brushes  used  in  shellac  should  })e  washed  out  with 
alcohol  instead  of  turpentine  or  benzine.  Xo  brush  is  good  unless  it  is 
clean. 

Fillers.  Fillers  are  of  two  kinds — paste  and  liquid.  Paste 
fillers  are  something  like  a  very  thick  paint,  and  are  composed  of  some 
solid  powdered  substance,  usually  silica  or  powdered  quartz,  mixed 
with  a  quick-drying  varnish  thinned  with  turpentine  or  benzine. 
This  is  applied  to  the  dry  surface  of  the  wood  with  a  stiff,  short-bristle 
brush,  or  is  put  on  with  a  clean,  white  cotton  cloth,  and  well  rubbed  into 
the  pores  of  the  wood.  After  half  an  hour  or  so,  the  surface  of  the 
wood  is  wiped  off  with  a  wad  of  excelsior  or  a  clean  cloth  or  a  piece  of 
felt.  A  liquid  filler  is  a  quick-drying  varnish;  and  most  of  the  liquid 
fillers  on  the  market  are  cheap  rosin  varnishes  loaded  with  dryers, 
and  should  never  be  used..    Paste  fillers  are  the  best  in  almost  all 
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noi  sr.    i>\i\ii\(i 

Inside  Work.  All  windDU  and  ilixir  fraiiuvs.  whftlu-r  tficy  an-  ut 
\)v  fiiii>.luil  with  paint  or  varnish,  slioiild  rrcrivo  a  ^mmI  coat  of  jtairit 
inatlr  with  .somr  chraj)  |)i;^niciit,  siR-h  as  in)ii  oxiiK-,  and  iMtilrd  oil, 
a|)|ih«<l  to  thf  back  of  the  fninic,  iM-fon-  they  arc  l)niU^lit  fmm  the 
shop  to  the  house;  this  prevents  the  absorption  of  moisture  and  hin- 
ders decay.  If  tliev  are  ti>  l>e  painted,  they  should  receive  a  priiniiif; 
coat  in  the  shop,  if  possihle;  if  not,  it  should  he  applied  as  s<m)Ii  as  prac- 
ticalde.  The  priiniii<^  coat  is  composed  of  white  had  jind  l)oile<l  oil  or 
raw  oil,  with  hve  to  ten  per  cent  of  dryer;  anil  sl'oiilil  l>e  aliiujst  all 
oil,  with  very  little  j)i;,nneiit.  Turpentine  is  not  a  ^mmI  thin^j  in  a 
i)riuiinf^  coat,  because  the  object  is  to  lill  the  pores  of  the  wood,  and 
turiK'ntine  evajwrates.  As  soon  as  this  is  dry  to  the  touch,  all  holes 
are  to  l»e  filled  with  putty.  The  best  putty  for  this  purpose  is  white 
lead  puttv,  made  by  mixin<i  a  little  raw  oil  with  dry  white  lead, 
or  bv  addiii<^  <lry  lea<l  to  j)aste  lead  until  it  is  of  the  ri^ht  con- 
sisteiicv.  This  kind  of  juitty  hardi-ns  (piickly  as  compared  with 
common  putty,  and  is  the  best  for  this  purjiose.  A  steel  putty-knife 
should  not  be  used  on  interior  wooduDrk,  as  it  is  almost  certain  t(» 
scratch  it;  a  hardwood  stick,  suitably  shaped,  should  be  used.  All 
cracks,  joints,  and  nail-holes  should  be  carefully  lille<l.  .\11  knots 
and  sa|)pv  |)laces  slionjil  be  varnished  with  .shellac  varnish;  this  pre- 
vents the  pit<li  and  moisture  from  attackini;  the  paint.  Th«>  shellac 
should  be  a|)plied  where  it  is  needed,  before  the  |>rimin<;  coat.  The 
priming;  coat  shoidd  be  ;,'iven  lime  to  jjet  (juite  dry;at  least  a  day — two 
(lavs,  if  |)o.ssible;  and  a  week  is  better  yet.  Then  it  is  re.idy  forthe 
.sccond  coat.  This  should  contain  a  considerable  amoinit  of  turp«ntine. 
If  IK)  lur|)entine  is  used,  tlu-  surface  is  likely  to  be  ^los-sy.  aind  the  ne.xt 
coat  of  paint  will  not  adlu-re  wj-11;  but  by  rej)lacin^  part  of  the  oil  with 
turi)enlin»',  we  j,'et  what  j>ainters  call  a  jhit  ciKit-  (hat  is.  one  which  is 
not  jjlos.sy;  if  this  is  made  fnim  paste  leail  or  any  |)aste  paint,  it  can 
be  phmIucmI  by  thimiinj,'  the  paste  with  a  mixture  of  oil  and  lur|H'ntine 
in  e«iual  prrtportions;  somi-  paint«Ts  prefer  oue-thini  oil  and  (w«>- 
thirds  turpentine.  This  is  for  inside  work  only.  This  coat  .should 
be  jilloweil  to  drv  lhorou<;hly;  if  it  takes  ten  hours  for  the  paint  to  Ik* 
dry  enoii^'h  to  handle,  then  at  least  four  times  ten  hours  atUitional 
.sliould  elap.se  befon-  the  next  coat  is  applied  ;  this  is  a  pMnl  p^nend  rule; 
and  as  imich  more  lime  .-is  possibh-  should  be  allownl.     If  the  lini.sh 
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is  to  be  ordinary  oil  paint,  the  next  coat  may  be  paint,  thinned  with 
about  half  as  much  turpentine  as  before,  or  with  no  turpentine  at  all. 
In  the  latter  case,  when  the  coat  is  thoroughly  dry,  it  must  be  carefully 
examined,  and,  if  glossy,  it  should  be  rubbed  with  something  to  take 
off  the  gloss;  curled  hair  is  often  used,  or  a  light  rubbing  with  pumice 
and  water.  Then  the  final  coat,  which  has  no  turpentine  in  it,  may  be 
applied. 

But  if  the  finish  is  to  be  with  an  enamel  paint,  the  second  coat, 
when  quite  dry,  should  be  very  lightly  sandpapered  with  fine  sand- 
paper, and  the  third  coat  should  be  of  like  composition  to  the  second , 
treated  the  same  way;  then  the  enamel  paint  is  applied.  For  a  really 
first-class  job,  when  this  is  quite  dry,  it  should  be  rubbed  down  with 
curled  hair  or  pumice  and  water,  and  another  coat  of  enamel  put  on. 
This  may  be  left  with  the  natural  gloss  if  desired ;  or  it  may  be  rubbed 
with  pumice  and  water  to  a  flat  (dull)  surface. 

Painting  Plastered  Walls.  Old  plastered  walls  may  be  painted 
with  oil  or  enamel  paints  as  though  they  were  wood,  remembering  that 
the  priming  coat  will  have  almost  all  of  its  oil  absorbed  by  the  plaster. 
New  plastered  walls  do  not  take  paint  well,  on  account  of  their  alkaline 
character,  which  gradually  disappears  with  exposure  to  the  atmos- 
phere. It  is  well  to  let  a  wall  remain  unpainted  at  least  a  year.  But 
if  it  is  necessary  to  paint  a  freshly  plastered  wall,  the  wall  is  prepared 
by  some  painters  by  washing  it  with  a  solution  of  sugar  in  vinegar, 
the  sugar  uniting  with  the  lime  to  some  extent ;  or — more  commonly — 
by  washing  it  first  with  a  strong  solution  of  common  alum  and  then 
with  a  solution  of  soap.  After  this  is  dry,  it  is  washed  with  clean 
water,  allowed  to  dry,  and  then  painted.  The  alum  and  soap  form  an 
insoluble  compound  which  closes  the  pores  of  the  plaster  to  some  ex- 
tent, and  prevents  the  lime  from  acting  on  the  paint. 

Outside  Work.  Exterior  paints  are  more  elastic,  as  they  need 
to  be  far  more  lasting,  than  those  used  on  interiors,  since  the  effect  of 
exposure  to  the  sun  and  rain,  destroys  paint  more  than  almost  any- 
thing else  does.  Paint  on  the  interior  of  a  house  will  last  almost 
indefinitely ;  but  on  the  outsitle  the  best  paint  is  not  very  durable.  The 
surface,  if  new,  should  be  cleaned  by  brushing;  knots  should  be 
shellacked:  after  wdiich  the  priming  coat  should  be  applied.  This 
may  be  the  same  paint  which  is  selected  for  the  finish,  only  thinned 
with  boiled  oil  (or  raw  oil  and  dryer),  using  one  to  one  and  a-third 
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pilluns  of  oil  to  each  pill(»ii  of  paint.  'I"li<-  rra>4»ii  w  liy  onliiiary  jMiint 
luav  not  lu"  iisf<l  as  a  priintT.  is  that  tin*  \voo«l  al»sorl>s  tlu*  «»il.  Iwiv- 
in^  tlu-  j)ij;nu'iit  as  a  cnnparativfly  iioii-aillu'siv*'  j)o\V(I«t  on  the  sur- 
facr,  from  which  tht-  next  coat  will  prolmldy  [Mfl  off.  'I'lu-  next  step 
is  t«)  puttv  up  all  nailhoirs  and  other  <iefe<'ts.  lM»r  the  MH-<»n(l  eoat, 
inanv  experts  advise  the  addition  of  half  a  pint  <if  turjx-ntine  t<»  the 
gallon  of  paint;  others  make  no  addition  to  it.  The  liiinl  c-oat  i.s 
applied  after  the  .se<-ond  is  thorouj,'hly  dry;  if  a  week  or  a  month  ean 
elapse  hetween  these  coats,  .so  much  the  better. 

Repainting.  If  the  old  paint  has  heen  on  a  long  time,  it  i.s  liahle 
to  he  j)ermeated  hy  minute  cracks,  which  admit  moisture  to  the  surface 
of  the  wood  and  loosen  the  paint.  If  now  w«-  paint  over  this,  the  new- 
paint,  which  shrinks  in  ilrying,  tends  to  |)ull  off  the  old  paint,  and  of 
course  the  whole  peels  off  in  patches.  If  the  old  paint  is  in  this  state, 
it  must  he  removal  hefore  the  new  paint  is  aj)j)lie<l.  This  can  Ik- 
done  l)V  biirnhuj  off.  For  tliis  work  a  })(tiiiltr'.s-  Itmli  is  re<juire<|, 
which  is  a  lamp  l)uniiiig  alcohol,  ga.soline,  or  kerosene,  and  is  .so  con- 
structetl  that  a  Mast  of  llame  can  lie  directed  against  tlu-  surface.  This 
melts  or  .softens  the  old  paint,  wliicli  is  then  immi'diately  .scrajxtl  off 
with  a  steel  .scraper.  The  paint  is  not  literally  burned,  hut  is  .softemil 
hv  heat  .so  that  it  can  he  .scraped  olV.  In  some  ca.ses  it  is  .sufHcient 
to  remove  as  much  as  jxj.ssihie  with  a  steel  hru.sh;  this  is  a  hni.sh  like 
a  .scruhhing  l>ru.sh,  with  steel  win-s  instead  of  bristles,  and,  when 
vigon)Usly  used,  will  take  off  the  loo.se  j)aiiit. 

( )ld  j)aint.  however,  is  not  always  in  this  condition.  If  it  atlheres 
wt-ll,  it  mav  be  cleaned  with  an  onlinary  .scnibbing  brush  and  water, 
anil  when  it  is  (piite  dn',  the  new  paint  may  be  applinl.  .'N)metimes 
the  paint  .seeni.s  in  goixl  condition,  only  it  has  fathtl  and  lost  its  lu.ster; 
in  such  ca.ses  a  cojtt  of  boiled  oil,  or  raw  oil  with  dryer,  is  all  that  is 
neetleil. 

It  is  well  to  paint  the  trim — that  is,  the  window -<asings.  «loor- 
casings,  corner-pieces,  and  the  like  In-fore  painting  the  Uxly  of  the 
house;  then  tlu-  |)aint  can  be  applied  to  the  Hat  surfat-es  mon-  m-jitly 
timn  is  othenvist-  likely  to  be  don»-.  I'aint  should  be  applieil  in  thin 
coats,  well  brushed  on;  it  is  not  umtsiial  to  .s«>«'  |»aint  <-«»me  olT  fmm 
rcH-ntnint  angles  while  it  is  .still  goinl  on  Hat  surfa<es.  U-t-aUM'  it  wa.s 
dillicult  to  brush  tlu-  paint  properly  in  lhos«-  plnc«-s.  Then-  is  a  gn-at 
dilTerence  in  dundiililv  between  a  thin  p.-iint  How(-»|  on  with  a  largi', 
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flat  brush,  and  one  of  proper  consistency  well  brushed  out  with  a  brush 
of  medium  size.  In  all  painting  on  wood,  it  is  desirable  to  brush  it  on 
with  the  grain  of  the  wood ;  and  by  painting  only  a  few  boards  at  once, 
we  may  avoid  laps  by  painting  the  whole  length.  Rough  surfaces 
hold  paint  better,  and  more  of  it,  than  smooth.  A  gallon  of  paint  will 
cover,  one  coat  (on  a  painted  or  well-primed  surface),  about  GOO  scjuare 
feet,  not  flowed  on,  but  well  brushed  out  in  a  thin  film.  The  priming 
coat  will  not  cover  more  than  300  or  400  scjuare  feet  to  the  gallon.  In 
measuring  the  outside  of  a  house  for  surface,  make  no  deductions  for 
doors  and  windows;  if  the  trim  is  to  be  painted  a  different  color,  from 
one-sixth  to  one-third  of  the  paint  will  be  required  of  that  color. 
Paint  should  be  stirred  frequently  while  using.  A  coat  of  dry  paint  is 
from  -^l-Q  to  Y, oVo  ^f  ^"  "^ch  in  thickness. 

Roof  Painting.  Roof  paints  should  contain  a  larger  proportion  of 
oil  to  pigment  than  other  paints,  and  less  dryer  (or  none  at  all). 
Many  think  that  the  addition  of  ten  to  twenty  per  cent  of  fish  oil  to  a 
paint  for  roofs  is  advantageous;  fish  oil  greatly  retards  drv'ing  and 
prevents  the  paint  from  becoming  brittle.  Tin  roofs,  if  new,  should 
be  thoroughly  scrubbed  with  soap  and  water,  or  with  pieces  of  harsh 
cloth,  such  as  burlap,  well  wet  with  benzine.  They  may  then  be 
painted. 

Paint  dries  relatively  fast  on  roofs;  but  as  a  roof  paint  is  very 
slow-drying,  plenty  of  time  must  be  allowed  l)etween  coats.  A  new 
roof  should  receive  three  coats.  ^Nletal  gutters  and  spouts  are  to  be 
treated  the  same  way.  Do  not  forget  that  new  tin  or  galvanized  iron  is 
difficult  to  paint;  have  it  very  thoroughly  scrubbed,  even  though  it 
looks  perfectly  clean,  and  then  rub  the  paint  on  well  with  the  brush. 
Metal  spouts  will  usually  be  painted  the  same  color  as  the  wall  of  the 
house. 

Sometimes  shingle  roofs  are  painted  with  fireproof  paint.  This 
is  not  really  fireproof,  but  considerably  retards  the  spread  of  fire,  after 
it  has  become  thoroughly  dry;  when  fresh,  it  does  not  even  do  that ;  nor 
does  it  have  much  effect  after  it  has  been  on  a  year  or  so.  It  may  be 
made  by  adding  to  a  gallon  of  any  good  paint  about  a  pound  of 
powdered  boracic  acid.  WTien  strongly  heated,  this  material  fuses 
and  forms  a  sort  of  glass,  which  keeps  the  air  from  the  wood.  It  is 
after  a  time  washed  out  by  the  rain. 

Canvas  roofs  are  prepared  in  the  following  manner:    The  canvas 
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( l()-4)uiicf  (lufk  is  iifti-ii  u.sf<l)  is  first  uailttl  «lown,  care  Ix-inj;  taken  to 
ilraw  it  ti;;ht;  it  will  show  s«»iik-  wriiiklrs,  liiit  tlirse  an-  in»t  to  In*  allowed 
to  aecuinulate  to  form  a  larj^e  wrinkle  or  fold.  'I'heii  the  canvas  is 
thomughly  wet;  it  shrinks,  and  all  the  little  wrinkles  disapjK'ar.  It  is 
a  ectininon  practice  to  paint  it  while  it  is  still  wet,  this  Ix-inj?  an  excep- 
tion to  all  other  practice;  hut  some  wait  until  it  is  dry.  The  writer 
has  heen  accustome<l  to  the  latter  nu'tlnHl.  and  has  n<»t  found  that  the 
canvas  .shows  wrinkles  on  dryin<;,  while  the  results  are  all  that  can  Ik,- 
desired.     A  well-painted  can\as  roof  is  very  diirahle  and  satisfactory. 

PAlMI.NtJ  SlkLCTLRAL    MLI  \L 

Steel  is  a  more  peri.shahle  material  than  wood,  and  more  diilicult 
to  paint.  Without  rej,'ular  expenditure  for  maintenance,  wcwKlen 
hrid^'es  last  lon^'er  than  steel  ones;  there  are  woinlen  roof  Ix-arns  a 
thousand  years  old;  and  iron  n)ofs  are  .so  short-live<l  that  they  are  use«l 
onlv  over  furnaces  and  the  like,  where  woinlen  ones  would  take  lire. 
The  paintinfj  of  structural  steel  is  therefore  ini|)ortaiit ;  and  it  is  al.so 
difli(  iih.  if  we  are  to  judj,'e  l>y  results. 

In  the  liist  place  comes  the  preparation  of  the  surface.  When 
we  j)aiiit  woo«l,  we  have  the  surface  clean  and  dry.  and  then  we  .soak 
it  with  oil,  so  as  to  have  the  paint  hound  to  it  in  the  most  intimate 
manner.  In)n  and  sti-el,  on  the  other  hand,  always  come  t<)  us  dirty, 
and  covered  with  oxidi-;  and  as  the  surface  is  not  j)on)Us,  the  |)aint 
doi's  not  jK-netrate  it,  hut  has  to  stick  on  the  outside  the  best  way  it  can. 
If  we  paint  over  the  dirt  and  .scale,  and  that  ever  comes  olf,  the  [Kiint 
comes  off  with  it;  if  the  metal  is  actively  rustinj;,  and  we  j)aint  over  the 
nist,  the  cf)rrosion  is  perhaps  made  slower,  hut  it  does  not  stop. 

.\ir  and  moisture  cau.se  rust ;  if  we  can  kee[>  them  away,  tlu*  metal 
will  last;  hut,  unfortunately,  all  paint  is  very  slightly  pon)Us.  and  if 
ex|)o.se<l  to  the  weather  it  in  timi-  deferionites.  The  most  e.s.sential 
tiling  in  |>aititin^  metal  is  to  tjrf  the  jxiiiit  on  tfir  iintal,  not  on  an  int«'r- 
ninliate  coating. 

There  are  onlv  two  wavs  (o  <l»an  steel  perfictly.  (  )iie  is  hy 
jii<  klin^'  it  in  dilute  acid  (usually  U)  to  'JO  jmt  cent  sulphuric  nv'u\), 
followed  hy  washinj^  to  remove  the  acid;  and  the  «)ther  is  l)y  tlu*  u.se 
of  the.sjind-hlast.  Neither  of  thes«'  pnM'e.s.ses  isavailahh-  to  theonlinary 
painter,  who  must  do  the  tiext  lu-st  ihinj;.  This  is  to  remove  ahsohilely 
all  dirt  and  all  loo.sc  scale  ami  oxide.     I'irsl  clean  oil  the  dirt,  if  any, 
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with  brushes,  as  it  would  be  cleaned  off  any  other  surface.  Then, 
with  scrapers  and  steel-wire  brushes,  clean  off  all  the  scale  which  will 
come  off.  If  there  is  any  new  rust  (not  mill  scale),  it  must  be  well 
scraped  out  and  cleaned  off.  This  is  indispensable.  WTien  this  is 
done,  immediately  paint  it,  before  it  begins  rusting  again. 

One  of  the  most  popular  materials  for  a  first  coat  is  red  lead  in 
oil.  This  must  be  mixed  on  the  spot,  shortly  before  it  is  used,  because 
it  will  harden  into  a  cake  in  the  pail  or  can  if  allowed  to  stand  very 
long.  From  30  to  33  pounds  of  dry  red  lead  is  to  be  mixed  with  each 
gallon  of  oil — not  less  than  28  in  any  case.  This  is  immediately  painted 
on  the  metal;  if  it  is  put  on  in  too  thick  a  coat,  it  will  run  and  be  uneven. 
Some  use  raw  oil,  others  boiled  oil;  it  does  not  make  much  difference 
which  is  used.  The  paint  dries  rapidly;  and  as  soon  as  it  seems  hard, 
a  second  coat  of  the  paint  can  be  applied.  Red  lead  is  different 
from  all  other  paints  in  this,  that  it  will  finish  hardening  just  as  well 
away  from  the  air.  This  is  because  it  does  not  dry  by  oxidation,  as 
other  paints  do,  but  by  the  lead  combining  chemically  with  the  oil, 
just  as  water  combines  with  Portland  cement.  In  the  opinion  of  the 
writer,  red  lead  should  have  one  or  two  coats  of  some  good  paint,  other 
than  red  lead,  over  it.  But  red  lead  is  not  the  only  first  coating  which 
may  be  used.  Any  good  paint  may  be  used — a  good  graphite  paint,  or 
other  carbon  paint,  or  some  of  the  varnish-like  coatings  containing 
linseed  oil  and  asphaltum  which  are  made  for  the  purpose.  It  is 
important,  in  using  any  of  these,  to  let  plenty  of  time  for  drying  elapse 
between  coats.  Not  less  than  two  coats  is  permissible,  and  three  are 
desirable. 

Projecting  angles,  edges,  and  bolt  and  rivet  heads  are  the  places 
which  first  show  rust  through  the  paint.  This  is  partly  because  the 
brush  draws  the  paint  thin  at  such  places.  To  overcome  this,  it  is  now 
becoming  common  practice  to  go  over  the  work  after  the  first  coat, 
and  paint  all  edges  for  about  an  inch  from  the  edge  or  angle,  and  all 
bolt  and  rivet  heads,  with  an  extra  or  striping  coat;  then,  when  the 
second  coat  goes  on  over  the  whole,  there  is  the  equivalent  of  two 
full  coats  everywhere. 

Painting  on  iron,  as  on  wood,  should  be  done  in  dry  weather, 
when  it  is  not  very  cold— at  any  rate  not  below  50°  F.  Full,  heavy 
coats  should  be  used,  and  well  brushed  on.  Care  must  be  taken  to  get 
the  paint  into  all  cracks  and  corners. 
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\  \R\I>1I 

A  v:iiiii>h  is  a  li(|iii(l  iiiadi-  U>  In-  a|i|>lii(l  lu  ji  surface  in  a  tliiil 
liliii,  uliirli,  itii  cxixi^iirr  t<i  tin-  air,  lianlriis  into  a  |>n»tiftive  ccKiting 
that  is  usually  ;,'l()ssy  and  almost  traiis|)arciit.  TluTf  an-  two  priiicijial 
classes — .sj)irit  and  ulto-rt.tinoii.'i  rann.slu.s. 

Spirit  varnishes,  of  wliieli  .v/<r//«r*  is  the  most  im|j<jrtant,  are  made 
by  dissolvinjj  a  resin  (or  sometimes  some  other  suhstance)  in  a  volatile 
solvent,  such  as  alcohol.  They  dry  hy  evaj)oration,  the  solvent  fjoing 
otV  and  icavinj^  the  resin  spread  out  in  a  thin  film,  the  li(|uid  or  vehicle 
having'  really  served  as  a  mechanical  means  of  spreading  the  resin  over 
the  surface.  Shellac  is  a  resin  which  comes  on  the  market  in  large, 
thin  flakes.  It  may  he  dissolved  in  denatured  (or  any  other)  alcohol 
in  the  following  manner: 

Put  the  alcohol  in  an  eartlienware  jar,  ami  wiigh  out  five  j)ounds 
of  gum  shellac  for  each  gallon  of  alcohol.  Ju.st  before  leaving  at 
night,  carefully  and  gently  I'.rop  the  shellac,  little  by  little,  into  the  jar 
of  alcohol,  then  j)ut  on  the  cover  and  leave  it  until  morning.  Do  not 
on  anv  account  .stir  it.  In  tlie  morning  the  flakes  of  shellac  will  be 
soakeil  and  swollen;  but  if  y(»u  had  stirred  them  in,  the  night  before, 
they  would  have  stuck  together  in  lumps.  Now,  during  the  day,  stir 
the  ma.ss  with  a  wooden  stick  once  every  hour  or  so;  do  not  put  any 
metal  in  it,  especially  iron ;  one  iron  nail  will  s|)oil  the  color  of  a  whole 
barrel  of  shellac.  Hy  the  ne.xt  morning — perhaps  liefon.- — the  shellac 
will  be  rea<ly  for  use.  It  does  not  make  a  clear  solution,  bwause  the 
gum  shellac  contains  .some  wa.x,  which  does  not  di.s.solve,  and  so  the 
varnish  is  milky  or  cloudy;  it  is,  however,  reaily  for  use.  As  the 
alcohol  is  volatile,  the  jar  should  be  kej)t  coveretl;  and  after  it  is 
made,  the  varnish  should  be  put  in  gla.ss  lM)ttles  or  clean  tin  cans. 

There  are  many  gnules  of  shellac  ginn,  tin-  best  being  known  by 
the  letters  f)  (';  but  tlu-re  are  others  nearly  as  good.  The  conunon 
.shellac  is  brownish  yellow,  and  is  called  oraiKjr  slttllar:  this  is  the  natu- 
nil  shellac  color.  White  shellac  is  matle  frt)m  this  by  bleaching  with 
chlorine;  but  it  is  not  of  so  good  (|uality  as  the  unbleached;  it  \\i\s.  of 
course,  the  advantage  of  being  nnich  pah-r  in  color.  White  slu-llac 
mnn   will,  on   lojig  standmg,  sometimes   birome  insoluble.  Shellac 

•  Nnn.— Iljr  «"m«'  imliitprx.  Oin  tiTtn  ■rarnlih"  l«  nn»pr  u«c»l  i<>  ln>  ludo  «hpll»(!. 
There  1«,  however.  ui>  vaUil.  objocitvn  rpiVH4iii  (or  tbuii  lliiililuit  the  uaoof  iho  term. 
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vamish  may  be  thinned  with  alcohol,  and  often  this  is  necessary. 
Shellac  is  too  often  adulterated  with  common  rosin,  which  greatly 
lessens  its  value.     This  is  easily  detected  by  a  chemical  test. 

Damar  is  a  white  resin  which  is  soluble  in  spirits  of  turpentine — 
five  or  six  pounds  of  resin  to  a  gallon  of  turpentine.  It  is  the  most 
nearly  colorless  varnish  we  have,  but  never  becomes  very  hard.  It  is 
used  to  a  considerable  extent  as  a  vehicle  for  white  lead  and  zinc,  to 
make  a  very  white  enamel  paint.  It  is  not  durable  if  exposed  to  the 
weather. 

More  important  than  spirit  varnishes  are  the  oleo-resinous  var- 
nishes, which  consist  of  certain  resins  dissolved  in  linseed  oil,  the  mixture 
being  thinned  with  turpentine  or  benzine.  In  making  these,  the  resin 
is  put  in  a  copper  kettle  and  heated  until  it  is  thoroughly  melted ;  then 
some  hot  oil  is  added  to  it,  and  the  mixture  cooked  until  the  whole  is 
thoroughly  combined.  The  kettle  is  then  taken  from  the  fire,  and 
when  partly  cool,  the  turpentine  is  stirred  in.  The  resin  makes  the 
film  hard  and  lustrous,  and  the  oil  makes  it  tough.  Thus  the  larger 
the  proportion  of  resin,  the  harder  and  more  brilliant  will  be  the  film ; 
the  larger  the  proportion  of  oil,  the  tougher,  more  elastic,  and  more 
durable  it  will  be,  and  the  slower  it  will  dry.  Most  of  the  color  of  varnish 
comes  from  the  resin;  the  paler  this  is,  the  paler  will  be  the  varnish. 
The  pale  gums  are  higher  in  price  than  the  dark  ones,  but  are  no  better 
in  any  respect  except  color.  Dark  varnishes  may  be  just  as  good 
(except  in  color)  as  pale  ones— in  fact  may  be  better,  for  the  dark 
resins  are  often  harder  and  better  than  the  pale  ones  of  the  same  sort. 
The  hard  and  quick-drying  varnishes  are  suitable  for  furniture;  the 
medium,  for  interior  house-varnishes ;  the  slow  and  elastic,  for  exposure 
to  the  weather. 

Varnishing.  The  wood  should  be  dry.  For  this  reason  it  is 
better,  if  necessary  to  clean  it,  to  avoid  washing  as  much  as  possible, 
using  sandpaper  instead,  which  will  also  make  it  smooth.  Of  course 
the  carpenter  is  supposed  to  do  this,  but  the  painter  must  not  neglect 
it  on  that  account.  Wlien  in  proper  condition,  it  first  receives,  if  it  is  an 
open-gram  wood,  a  coat  of  paste  filler.  The  open-grained  woods  in 
most  common  use  are  oak,  chestnut,  and  ash.  The  woods  classed  as 
close-grain  woods  are  white  pine,  maple,  birch,  yellow  pine,  white- 
wood,  cherry,  and  sycamore.  These  latter  do  not  need  filling.  If 
filler  is  used,  it  should  be  well  rubbed  in  with  a  short,  stiff  brush;  and 
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whrii  it  has  set,  siiy  in  fiftiiii  U>  thirty  luimitcs,  it  is  nil»l>e<I «»(!  witli  a 
handful  of  excelsior,  rul)l)in^  across  the  pniin,  and  ruhhinij  hanl,  sn  as 
to  force  the  filler  well  into  the  pores  <»f  the  woo«l.  Then  it  should 
stand  24  to  4.S  hours. 

When  j)urehased,  a  j)aste  filler  is  too  thick  to  Ix,"  u.se<l  with  a  lirusli, 
ami  must  l>e  thinnetl  with  turjx'ntme  or  la-nzine;  at  the  siune  time  it 
mav  Ik'  stained  to  any  desiretl  color  with  an  «)il  or  varnish  stain.  These 
stains  can  he  purcha.se<l  of  any  de.sire<l  color.  If  a  close-j;rainetl  wtxxl 
is  under  treatment,  the  first  tiling  is  to  apply  a  stain  if  it  is  desirinl  to 
stain  the  wcmmI;  hut  it  is  connnon  practice  to  finish  in  the  natural  col«)r. 
Stains  usuallv  re<iuire  a  j^ood  deal  of  thiimin^  heforeusin;;;  the  amount 
of  thimiiuf^  will  determine  the  depth  of  color.  Water  stains  are  seldom 
use<i,  as  they  tend  to  raise  the  j^rain  of  the  wo(mI. 

In  cleaning;  ofVthe  tiller,  he  careful  to  clean  out  corners  and  mould- 
ings, usnig  for  this  purjx)se,  properly  shaped  hardwoo<l  .sticks;  do  not 
use  any  steel  tool. 

Where  rooms  are  to  he  finished  in  the  natural  color  of  the  wcxxl, 
it  is  nevertheless  a  common  practice  to  stain  the  window-.sashes;  a 
chern'  or  light  mahogany  stain  is  often  used.  I'ilicrs  are  .sometimes 
u.siil  on  dose-grain  woods;  hut  this  is  not  advisahle,  as  they  ti-nd  to 
prevent  the  varni.sh  from  gettinga  good  hold  on  the  wocmI. 

Next  comes  the  varni.shing.  Window-sills,  jamhs,  inside  hlinds, 
and  other  surfaces  exposed  to  the  direct  rays  of  the  sun.  are  to  he 
treated  as  exterior  woodwork,  and  are  not  varnisluti  with  the  ordinary 
interior  varni.sh  used  on  the  rest  of  tin-  work.  The  floors  also  are  left 
out  of  account  for  llu-  j)resent.  The  rest  of  the  woodwork  nti-ives  its 
first  coat  of  varnish;  apply  it,  as  nuich  as  |)ossil)le.  with  the  grain  of  the 
wo(xl,  iirushing  it  out  well  in  a  tliin  coat.  The  varnish  ought  to  dry 
dust  free  ('.«•-,  so  that  dust  will  not  stick  to  it )  over  night ;  hut  at  least 
five  davs  should  ela|)se  hetween  coats.  Wlu-n  dry,  it  should  he  ruhUil 
willi  (iirieti  liair  or  excelsior  enough  to  remove  the  glo.ss..s«i  that  the  next 
coat  <if  varnish  will  adlun-  properly;  a  hett«-r  result  will  l>e  had  if  it  is 
lightlv  sandpapered  with  (H)  pa|ier.  'I'lii-  se«-oiul  coat  is  treatnl  lik«' 
the  first.  The  third  is  not  sandpapered.  l>ut  nil'l>ed  with  eurhti  hair; 
the  fourth  or  finishing  coat  may  he  left  with  the  natural  gloss,  or.  if  pn*- 
feried,  it  niiiv  he  riihhe<l  with  fine  piunice  and  water  to  a  sincMtth.dnll 
surfaee.  I'lir  this  pui|>o>e  tlie  \ariiish  d«'alers  .sell  fell,alM)Ut  iin  inch 
ihiek,  uhieh  is  U(  11  uel  in   (lean    water;  a  lillli-  dry   punil.  e  p«»w.!er  is 
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put  on  it ;  and  the  rubbing  is  done  with  this.  The  varnish  must  be 
quite  hard  and  dry  before  this  is  attempted.  Varnishing,  if  properly 
done,  is  slow  work;  that  is,  much  time  must  be  allowed  for  each 
coat  to  dry  thoroughly. 

The  varnish  which  is  used  on  interior  woodwork  should  not  dry 
too  quickly ;  it  should  dry  enough  over  night  so  that  dust  will  not  stick 
to  it,  and  in  twenty-four  hours  should  be  hard  enough  to  handle  freely; 
but  if  a  chair,  for  example,  were  varnished  with  it,  it  would  not  be 
entirely  safe  to  sit  on  it  for  a  w^eek.  It  should,  however,  finally  become 
perfectly  free  from  tack,  which  it  will  not  do  if  it  is  a  rosin  varnish.  At 
present  prices  (and  it  is  not  probable  that  they  will  ever  be  lower)  var- 
nishes for  interior  woodwork  are  sold,  according  to  color  and  quality, 
at  prices  ranging  from  $2.50  to  $4.00  a  gallon.  It  is  in  the  highest 
degree  inadmissible  to  use  a  cheap  varnish  for  undercoats ;  theouter  coats 
will  crack  if  this  is  done.  A  good  varnish  that  dries  too  quickly,  such 
as  what  is  called  a  rubbing  varnish,  or  one  intended  for  furniture,  has 
not  the  durability  needed  for  this  work.  It  is  economy  to  use  a  good 
varnish.  The  writer  has  in  mind  a  house  which  was  properly  var- 
nished eighteen  years  ago  and  has  been  constantly  occupied  by  a  large 
family,  yet  the  varnish  is  still  in  fair  condition;  if  it  were  lightly  sand- 
papered and  one  new  coat  applied,  it  would  be  like  new — as  good  as 
it  is  possible  for  a  surface  to  be.  Cheap  rosin  varnishes  never  look 
well,  even  when  new,  never  keep  clean,  and  deteriorate  rapidly. 

Shellac.  Interiors  are  sometimes  finished  with  shellac.  This 
varnish  is  not  used  on  exterior  work,  but  it  is  a  good  varnish  for  inter- 
iors. All  varnishes  containing  oil  darken  the  color  of  wood ;  but  white 
shellac  is  comparatively  free  from  this  objection;  at  any  rate  it  does  it 
less  than  anything  else.  Orange  shellac  is  a  dark  varnish,  and  even 
white  shellac  darkens  with  age  to  an  appreciable  degree.  Orange 
shellac  is  more  durable  than  white,  and  should  be  used  wherever 
admissible,  rather  than  white;  but  it  is  usually  necessary  to  use  white 
shellac  for  this  service.  If  shellac  is  i»ade  up  as  heavy  as  has  been 
described — five  pounds  to  a  gallon  of  alcohol,  and  this  is  the  standard 
—it  should  be  thinned  considerably  with  alcohol  before  using  on  inte- 
rior woodwork.  It  must  be  applied  in  thin  coats,  and  given  plenty  of 
time  to  dry.  It  is  very  deceptive  about  this;  it  appears  to  be  dry  and 
hard  in  an  hour,  and  it  is  hard  enough  to  handle  freely;  but  if  we  apply 
coat  after  coat,  even  six  hours  apart,  we  shall  find  that  the  wood  is 


346 


I'AINTING  19 

finally  c(jvcre<l  with  a  waxy  mt'ss  which  will  Ir-  the  source  of  nothing 
hut  trouble.  The  first  coat  sinks  nipidly  into  the  wikmI;  a  sifoiul  coat 
may  he  applied  six  hours  later;  liut  after  that,  allow  two  days  at  least 
between  coats.  Shellac  makes  a  very  thin  coat;  .so  it  is  necciisary  to 
apj)ly  a  larfje  number  of  coats,  at  least  twice  a.s  many  as  of  olco- 
resinous  varnishes,  to  get  a  suflicient  thickness  of  coating.  Because 
of  this  lalM)r,  shellac  is  an  expensive  finish;  but  it  is  handsome  ;»nd 
durable.  The  treatment  of  it,  as  regards  rubbing,  etc.,  is  the  same 
as  has  been  described  for  other  varnish. 

\'arnish  makers  usually  advise  that  shellac  should  never  be  used 
as  a  priming  coat  for  other  varnish;  this  is  probably  bi-cause  tliey  wi.sh 
to  sell  more  of  their  own  goods,  for  shellac  is  really  an  excellent  first 
coat,  except  for  exterior  work,  where  it  should  not  be  use«l.  ( )f  course, 
wtKxl  should  be  filled  before  shellacking,  the.siime  as  for  other  varnish. 
Varnish  does  not,  however,  wear  well  over  a  heavily  shellacketl  .sur- 
face. Shellac  makes  a  good  floor  varnish,  discoloring  the  w(mx1  very 
little,  and  wearing  fairly  well.  .Vftir  the  floor  has  been  well  varnishe<i 
with  it,  very  thin  coats,  a|)plird  rathi-r  frc<|iiently — say  every  f)ne  to 
four  months,  iicc(jnling  to  use — will  kcej)  the  floor  in  fine  condition ; 
and  after  applying  one  of  these  thin  coats  (of  thiinie<l  shellac),  it  will 
be  dry  enough  to  use  in  an  hour.  This  can  be  ap|)lied  with  a  very 
wide,  flat  l>nish,  and  a  man  can  go  over  (he  floor  of  an  ordinarv  nH)m 
in  a  few  minutes.  Shellac  brushes  shoidd  be  washeil  out  with  alcohol 
iiiMiH  diat<lv  after  using. 

l:\tcrior\arnishing.  \arnishes  dry  much  more  rapidly  out  of 
doors  than  within,  .so  that  it  is  practicable  to  ust-  more  elastic  and  dur- 
able materials.  Tlu>  conditions,  in  fact,  are  so  sevi-re  that  the  U'st 
an-  not  goo<l  enough.  In  the  first  place,  do  not  us«'  any  filler  on 
•  •\l(rii>r  work;  it  will  pri)iial)|y  crumble  and  come  out.  l)o  ni>(  use 
shellac;  as  an  undercoat  exjMtsed  to  the  hot  sun,  it  will  soften  anti 
bli>ter.  Ise  only  the  U'st  .spar  rarni.sli,  .such  as  is  made  for  varnish- 
ing the  spars  of  yachts;  fill  tin-  woo<|  with  it;  siuid|)ajH'r  lightly 
iM'tween  coats,  just  enough  so  that  each  suec;'e<ling  coat  will  take 
hold  well;  finish  with  a  coat  well  llttwed  on;  an<l  leave  it  with  its 
natund  gloss,  which  is  more  lasting  than  a  niblH-d  surface.  This  is 
tin*  treatnu-nt  for  hand-mils,  outside  d«M»rs,  insid«'  blintls,  window- 
sills  and  jambs,  anti  everything  ••\|)os<tl  to  the  din-et  sun.  Hand- 
rails and  oulsiile  d<M>rs  .should  be  refinislHtl  everv  vear;  vanii.sh  will 
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not  last  on  an  outside  door  more  than  one-twentieth  as  long  as  it  will 
on  an  inside  door.     Never  use  interior  varnish  for  outside  work. 

ENAMEL  PAINTS 

Varnishes  are  all  more  or  less  brownish  yellow  or  yellowish  brown. 
Therefore  a  coat  of  varnish  applied  over  a  paint  obscures  and  changes 
its  color  to  some  extent.  To  overcome  this  as  much  as  possible,  the 
varnish,  instead  of  oil,  is  mixed  with  the  pigment,  as  a  vehicle.  In 
this  way  the  pigment  comes  to  the  surface  and  displays  its  •color. 
These  paints,  if  made  with  good  varnish,  are  durable;  the  method  of 
application  has  already  been  described.  If  necessary  to  thin  them, 
do  it  with  spar  varnish  instead  of  oil ;  a  good  interior  varnish  may  be 
used,  but  it  injures  the  flowing  quality  of  the  paint  somewhat. 

White  lead  and  zinc  are  sometimes  mixed  with  damar  varnish. 
This  makes  the  whitest  enamel  paint,  but  it  never  gets  very  hard, 
never  has  much  luster,  and  is  not  very  durable.  It  is  very  white,  is 
easily  applied,  and  dries  quickly. 

A  NEW  VARNISH  FINISH 

A  method  of  finishing  open-grained  interior  woodwork,  which  has 
been  practiced  for  a  few  years,  consists  in  first  staining  the  wood  with  a 
water-stain — dyeing  it,  usually — and  then,  when  it  is  dry,  filling  the 
pores  of  the  wood  with  a  paste  filler  which  has  been  colored  by  the 
addition  of  a  pigment.  For  example,  the  wood  may  receive  a  stain 
of  any  dark  color,  and  the  wood-filler  be  mixed  with  white  lead.  This 
shows  the  open  or  porous  part  of  the  grain  in  white  on  a  dark  back- 
ground. By  using  artistic  combinations  of  color  in  the  stain  and  filler, 
very  beautiful  effects  can  be  produced,  and  this  finish  has  been  used  in 
some  of  the  most  handsome  and  costly  public  and  private  buildings. 
Thus,  if  a  room  is  to  be  decorated  in  green,  the  woodwork  can  be  made 
to  harmonize  with  the  prevailing  color.  An  oil  stain  must  not  be  used 
on  the  wood,  as  it  will  not  work  well  with  the  filler.  The  colored  filler 
is  applied  and  rubbed  off  in  the  same  way  that  any  paste  filler  is  used, 
and  then  the  varnish  is  applied  over  it  in  the  usual  way. 

FLOOR    FINISHING 

The  primary  trouble  with  floors  is  that  people  walk  on  them.  If 
they  did  not,  there  would  be  no  trouble  at  all.   Four  coats  of  varnish. 
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<ir  rvfii  paint,  liaviii",'  an  ajijjrr^itf  thickni'ss  of  li-ss  tluiii  one  oru- 
liiindri-tltli  of  an  inch,  will  not  last  iiRlefiiiitc-iy  uniK-r  tin*  wc-ur  of  imii- 
sluxl  lu'ds. 

l'rol)al)U'  tiie  siinpli'st  tn-atinc-nt  for  fhjors  is  painting  them.  The 
[Kiiiit  should  contain  a  hir^e  pn)j)ortioii  of  a  hard  oleo-resinou.s 
varnish;  an  ordinary  oil  paint  is  not  hanl  enough.  If  an  oil  [xiint  is 
iisnl,  it  nuist  he  heavily  eharj,'ed  with  dryer,  for  a  (loor  paint  shonld 
dry  in  twelve  hours,  (jootl  (|uiek-<lryinj^  floor  paints  are  in  the 
market. 

Floors  of  choice  wood,  however,  are  not  usually  painte<l;  they  may 
he  either  varnislu-d  or  wax^^I.  If  they  are  of  oak  or  «)ther  o[X'n-{jraine<l 
w<mm1,  they  nnist  he  lilled  with  a  paste  filler;  otherwise  the  varnish  is 
applieil  «lireetly  to  the  wood.  Floor  varnish  is  (piieker  in  dryin*;.  and 
harder  than  interior  finisliin;^  varnish,  hut  should  not  he  so  hanl  as  to 
he  hrittle;  ruhhin*^  varnish  is  too  hard.  If  the  floor  is  to  he  stained, 
this  is  done  with  an  oil  stain  hefore  varnishing;  if  it  is  a  floor  which 
has  previously  hcen  varnished,  so  that  the  stain  w  ill  not  penetrate  the 
wood,  the  stain  may  he  mixed  with  the  varnish,  alth(>ui,fh  the  effift  is 
not  then  so  ^ood. 

Floor  wuj:  is  not  made  of  hees\va.\,  hut  of  a  harder  vej,'etal)le  wax, 
and  is  .sold  hy  all  paint  dealers.  The  floor  should  receive  one  coat  of 
shellac;  then  the  flfM)r  wax  may  he  rui)lH'd  on  with  a  stiff  hriish,  and 
when  it  is  dry,  which  will  he  in  a  few  hours,  it  may  he  jxdished  hv 
ruhhinj;  with  a  clean  cloth  or  with  a  heavy,  weif^hted  floor  hrush  made 
for  the  purjMxse.  It  .should  receive  another  coat  every  week  imtil  four 
or  six  coats  have  heen  a|)|)lied;  after  this  a  little  of  the  flo(»r  wax, 
thinned  if  neees.sary  with  tur|)entine,  should  he  applied  often  enou;jh 
to  keep  the  floor  l(K)kinjj  well.  Alkali»'s  dissolve  the  wax,  and  in 
cleaning'  the  floor  only  a  little  soap  shoulil  he  used  in  the  water  with 
which  the  floor  is  washed.  A  wax  finish  kept  polished  with  a  |>olishin^ 
hnish,  is  the  han<lsomest  surface  than  can  he  ohtainni  for  a  floor;  hut 
it  is  .so  slip|MTy  that  it  is  somewhat  dan^^eroiis.  It  does  nt)t  discolor 
the  w«mm1.  Interior  trint  (hut  not  hand-mils)  is  .sometimes  wax- 
finished.  This  finish  n*<pnres  a  j^oimI  deal  of  care,  as  it  is  likelv  to 
catch  dust;  <itherwise  it  is  handsome  and  dural>le. 

( )ld  fliMirs  which  reipiire  cleaning'  and  revarnishin^'  shouKI  have 
ihr  oj.l  vaniish  or  paint  removed  hy  a  j^jkhI  varnijth-rrmoi'rr,  one  of  tlje 
nnMlcrii  sort,  fre<'  fmni  alkali.     This  is  (Niinteil  over  the  surface,  ami, 
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after  a  short  time,  removed  with  a  scraper.  The  last  of  the  varnish- 
remover  is  taken  out  with  a  rag  wet  with  turpentine  or  benzine,  care 
being  taken  that  there  is  no  fire  of  any  sort  in  the  room  or  any  neighbor- 
ing room.  This  wih  not  only  take  off  the  old  varnish,  but  the  old  filler 
also;  and  the  floor  must  be  treated  like  a  new  floor.  Any  stains  on  the 
floor  may  be  treated  with  a  hot  solution  of  oxalic  acid,  one  part  to  ten 
of  water;  when  the  stains  disappear,  wash  well  with  clear  water;  let 
the  floor  dry  a  day;  sandpaper;  and  it  is  ready  for  varnishing  again. 
This  treatment — removal  of  old  paint  or  varnish  by  a  liquid  varnish- 
remover — is  applicable  to  all  varnished  or  painted  work.  The  outside 
of  a  house  could  have  the  old  paint  taken  off  in  this  way,  but  burning 
off  is  cheaper  and  quicker.  These  varnish-removers  are  mixtures  of 
benzole,  acetone,  alcohol,  and  other  liquids,  and  the  best  of  them  are 
patented. 

ALUMINUM  AND  BRONZE  PAINTS 

Radiators  and  pipes  are  often  painted  with  aluminum  or  bronze 
paints.  These  consist  of  metallic  powders,  in  fine  flakes,  mixed  with 
some  varnish — usually  with  a  pyroxylin  varnish,  which  is  a  thin  solu- 
tion of  a  variety  of  gun-cotton  in  a  suitable  solvent,  generally  acetate  of 
amyl.  If  one  of  these  paints — which  smell  somewhat  like  bananas — 
becomes  thickened  in  the  can  by  evaporation,  it  can  usually  be  thinned 
with  acetate  of  amyl,  if  some  of  the  special  thinner  cannot  be  had; 
brushes  can  be  washed  out  in  the  same.  A  good  aluminum  paint  is 
durable,  even  exposed  to  the  weather.  One  coat  is  usually  enough, 
two  certainly  so. 

GLAZING 

House  painters  are  usually  expected  to  understand  the  art  of 
setting  window-glass ;  it  is  not  difficult  to  learn.  Glass  is  classified  as 
sheet  or  cylinder  glass  and  plate  glass.  Sheet  glass  is  made,  at  the 
glass  works,  by  blowing  a  quantity  of  glass,  first,  into  a  hollow  globe ; 
then,  by  more  blowing  and  manipulation,  this  is  stretched  out  into  a 
hollow  cylinder  perhaps  a  foot  in  diameter  and  five  feet  long;  this 
cylinder  (whence  the  name  "cylinder  glass")  is  cut  open,  and,  after 
reheating,  is  flattened  out  into  a  sheet,  whence  the  name  "sheet  glass;" 
after  annealing,  it  is  cut  up  into  convenient  sizes.     It  is  made  of  two 
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thicknesses — single  thick,  which  is  al)oiit  onc-.sixtifiith  of  un  inch; 
uiul  dinihle  thick,  oiu'-ci^hth  (jf  an  inch;  hut  it  «l«>cs  not  nni  jxTfectly 
uniform.  All  sheet  ^hiss  contains  streaks,  huhhles,  and  sj)e<-ks  of 
(Hrt.and  is  more  or  less  irre<^iUir  or  wavy  in  its  surface;  and  in  resjMTt 
to  this  it  is  fi:raded  as  first,  second,  and  third  ipiahty;  in  American  _! 
these  ^T~a»U's  are  usually  marketl  "AA,"  "A,"  an<r"B;"  and  anyihiu^- 
poorer  than  "B"  is  calleil  utock  .shrctx.  Foreign  {jlass  is  not  thus 
niarktHl,  each  maker  havinj^  his  own  arhitniry  marks.  Sin^le-thiek 
glass  is  usetl  for  sizes  not  ^eater  than  alnjut  2S  by  34  inches;  double- 
thick,  up  to  40  by  00.  For  larfjer  sizes,  plate  fjlass  only  is  usetl;  but 
of  course  either  plate  or  double-thick  can  be  used  for  small  sizes,  if 
desiretl. 

Plate  glass  is  cast  in  jilates;  the  li(|uid  glass  is  pouri-*!  out  on  an 
iron  table,  al)out  1.')  feet  wide  and  2.")  feet  long,  and  smoothe<|  «lown  to  a 
unif(jrm  thickness  of  half  or  five-eighths  of  an  inch  by  jnissing  a  roller 
over  it,  like  rolling  pie-crust;  after  this  it  is  ground  down  with  sand, 
emery,  and  polishing  powder  to  a  (|uarter  or  five-sixteenths  of  an  inch 
in  thickness.  It  is  therefore  much  more  costly  than  sheet  glass,  but 
is  also  more  perfect. 

Trvstal  is  a  very  thin  plate  glass,  about  one-<Mghth  of  an  inch  thick, 
and  is  use<l  where  ordinary  plate  is  too  heavy,  as  in  m(ival)le  sash.  It  is 
the  finest  of  all  window  glass.  There  arc  two  grach-s  of  plale  glass, 
known  as  glazing  (for  windows)  and  silcering  (for  min-ors),  the  latter 
being  the  best.  In  the  first  place,  the  .sa.sh  is  preparnl  for  the  glass. 
It  must  receive  a  priming  coat;  if  it  is  to  be  painted,  it  is  primed  with 
white  leaJ  and  boilcil  linseed  oil,  the  mixture  having  very  little  or  no 
turjH-ntine  added;  if  it  is  to  be  varnished,  it  is  j)rime«l  with  l)oiled  oil 
alone.  If  it  is  not  prime<l,  the  jnitty  will  not  stick;  the  w(mhI  will  draw 
the  oil  out  of  the  j)Utty  and  leave  it  crumbly.  Next,  the  glas,s  is  litte«l 
to  the  sash.  It  is  cut  either  with  a  glass-cutter's  diamon<l  or  with  a 
wheel  cutter,  the  latter  being  a  little  shari>-e«lgtHl  steel  wheel  s«-t  in  a 
handle.      If  well  made,  the  wheels  may  be  bought  s(|.  '   .    ■ 

replaceable.   The  wheel  cutters  are  generally  used  on 
plate  glass  i.s  cut  only  with  a  diamond,  which  makes  a  deeiier  cut. 
The  wheels  are  kej)t  wet  with  kerosen*-;  the  workman  has  a  little  Uutle 
or  eiip  of  ken).s<'ne  on  the  iM-neh,  and  dips  the  wlu-el  in  it. 

The  gla.ss  U'ing  cut  to  the  right  si/e.  a  layer  of  putty  is  spnad, 
wifii  the  putty-knife,  along  the  rn-ess  in  the  .sash  where  the  gla-VJ  is  to 
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rest.  This  is  called  bedding  the  glass,  and  should  always  be  done. 
It  is  not  uncommonly  omitted  with  pine  sash ;  but  it  absolutely  must  be 
done  with  all  hardwood  sash,  metal  or  metal-lined  sash,  and  for  all 
plate  and  crystal  glass;  and  it  ought  to  be  done  in  all  cases.  Then  the 
glass  is  gently  pressed  into  place,  after  which  it  is  fastened  with  glaziers' 
'points,  which  are  triangular  bits  of  metal.  No.  2  points  are  used  on 
single-thick,  and  No.  1,  which  are  larger,  are  used  on  double-thick 
glass;  they  are  put  in  9  to  12  inches  apart.  They  are  driven,  not  with 
a  hammer,  but  with  the  thin  side  of  a  two-inch  chisel,  the  flat  side  of 
which  lies  on  the  glass,  the  edge  of  the  chisel  away  from  the  surface 
so  as  to  avoid  scratching  it.  The  chisel  is  also  useful  for  adjusting  the 
position  of  the  pane;  if  it  is  smaller  than  the  sash,  it  is  so  placed  that 
when  the  sash  is  in  its  natural  upright  position  the  pane  of  glass  will 
rest  with  its  lower  edge  bearing  on  the  wood.  The  points  are  com- 
monly of  zinc,  which  bends  easily;  and  when  the  pane  is  properly 
placed,  if  there  is  on  one  side  a  space  between  it  and  the  wood,  the 
chisel  is  held  over  this  crack,  and  with  its  edge  an  indentation  or  crimp 
is  made  in  the  little  triangular  zinc  point  which  has  already  been 
driven;  this  crimp  prevents  the  glass  from  sliding  back  against  the 
wood.  This  is  the  reason  zinc  is  used  for  the  points;  it  will  bend. 
Steel  points  are  sometimes  used  for  plate  glass,  because  of  their  greater 
strength,  the  glass  being  heavy.  To  drive  through  the  sheet  metal  of 
metal-covered  sash,  steel  slugs  are  used;  these  are  about  -^^  inch  thick, 
about  I  inch  long,  and  ^g^  inch  wide  at  the  wide  end,  triangular,  and 
sharp-pointed. 

There  is  a  machine  for  driving  points,  but  it  is  not  much  used 
except  on  small  glass  set  in  soft-wood  sash. 

The  glass  being  properly  secured  by  points,  it  is  ready  for  putty- 
ing. To  do  this,  the  professionals  set  the  sash  up  in  a  nearly  vertical 
position  on  an  easel;  the  glass  is  puttied  on  the  right-hand  side  and 
across  the  bottom;  then  the  sash  is  turned  the  other  edge  up,  and  the 
operation  is  repeated.     This  finishes  the  work. 

The  most  important  things  about  glazing  are  to  use  a  sufficient 
number  of  points  and  to  use  good  putty.  Ordinary  (pure)  putty  is 
made  of  whiting,  which  is  pulverized  chalk,  mixed  with  enough  linseed 
oil  to  give  it  the  consistence  of  stiff  dough.  The  workman  can  make  it 
from  these  materials  with  his  hands;  everyone  can  make  his  own  putty. 
As  a  matter  of  fact,  however,  the  putty  of  commerce  is  made  by  ma- 
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cliiinTv;  ami  also,  as  a  matter  nf  fact,  it  is  in  general  abominably 
ailiilttnitttl.  It  wniild  seem  as  thoiigii  wliitiiifj  and  liiis«'».'<l  oil  were 
materials  cheap  eiioiijih;  and  in  reality  putty  can  be  sold  for  al»out 
tliri-e  cents  a  pound,  or  sixty  dollars  a  ton;  and  a  dollar's  \v(»rtli  will 
putty  all  the  jjlass  in  an  onlinary  house.  Pure  putty,  however,  Ls 
almost  impossible  to  p-t.  Marble  dust  is  sui)stituted  for  whiting, 
and  a  mixture  of  rosin  and  mineral  oils  for  the  oil,  and  the  cost  reduced 
aUiut  half.  It  is  the  use  of  this  mis«-rable  stulf  which  causes  nine- 
t«-nths  of  the  tnjubles  with  windows.  If  the  glazier  cannot  be  sure  of 
his  putty  otherwise,  he  should  make  it  himself. 

The  best  putty  for  glazing  is  a  mixture  of  pure  whiting  putty  with 
one-tenth  white  lead  putty.  This  makes  it  set  a  little  more  <|uickly, 
and  it  becomes  harder.  Pure  white  leail  j)Utty  gets  too  hanl;  it  is  t(io 
difhcult  to  remove  it  in  ca.sc  of  breakage  of  glass. 

If  the  glass  has  not  been  Ixnlded  in  putty,  it  is  customary  U>  go 
around  the  indoors  side  of  the  glass,  and  crowd  some  putty  into  the 
crack  between  it  and  the  sash.  This  is  called  hackiiKj  the  glass.  I-iirge 
plates  of  plate  gla.ss  are  not  puttit^l,  but  are  held  in  place  with  strij)S 
of  moulding  nailinl  on  the  .siish,  in  which  case  the  crack  betwi-en  the 
glass  and  tlie  moulding  is  backed  with  putty. 
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PRACTICAL  TEST  QUESTIONS. 

In  the  foregoing  sections  of  tliis  Cyclopedia 
numerous  illustrative  examples  are  worked  out  in 
detail  in  order  to  show  the  application  of  the  various 
methods  and  principles.  Accompanying  these  are 
examples  for  practice  which  will  aid  the  reader  in 
fixing  the  principles  in  mind. 

In  the  following  pages  arc  given  a  large  nundicr 
of  test  questions  and  problems  which  afford  a  valu- 
able means  of  testing  the  reader's  knowledge  of  the 
subjects  treated.  They  will  be  found  excellent  prac- 
tice for  those  preparing  for  College,  Civil  Service,  or 
Engineer's  License.  In  some  cases  numerical  answers 
are  given  as  a  further  aid  in  this  work. 
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1.     Kxplain  the  three-wire  system  of  wiring. 
J.      Ill  ease  a  test  slious  exeessive  leakaj^e,  or  a  fjmiiiul  (ir  short 
cireuit,  how  wciuld  you  locate  the  troul)U'  and  remedy  it? 

;{.      Deserihe  the  eoiistruetioii  aiu'l  use  of  outlet-lnjxes. 

4.  What  is  the  priiieipal  (hllVrence  between  alternatiiifi  and 
(Hrect-<'urrent  circuits,  so  far  as  concerns  the  wiring  system? 

5.  Compare  the  advanta;^es  of  the  two-wire  ami  three-win* 
systems  of  wirinj;. 

G.  Under  what  general  heads  are  approved  methods  of  wirinj^ 
classified? 

7.  A  single-phase  induction  motor  is  to  Ix-  su])j)lied  with  2"> 
amperes  at  220  volts;  alternations  12,()()()  per  minute;  |>ower  factor. S. 
The  transfonner  is  200  feet  from  the  motor,  the  line  consisting  of 
No.  1  wire,  0  inches  hetweeii  centers  of  conductors.  The  tnin.s- 
fonmr  reduces  in  the  ratio  2, .")()(),  has  a  capacity  of  iJO  am|M'res  at  220 

2.')(l 
volts,  antl,  wiirii  dtlivering  this  current  and  voltage,  has  a  resistance-K. 
M.  F.  of  2..")  per  cent,  and  a  reactance  K.  M.  F.  of  .')  jht  cent.     Cal- 
culate the  drop.     (I'.se  table  and  chart.) 

S.  What  are  the  distinctive  features  of  the  dilfen-nt  kinds  of 
metal  conduit? 

0.  Suppose  |M)wer  to  l>e  delivered.  MH)  K.  W. ;  F.  M.  F.  to  Ih' 
delivered,  2.2(M)  v«)lts;  <listanee  of  transmission.  I.').000  feet;  size  of 
wire,  No.  00;  distaiur  iM-tween  win-s,  21  inches;  jxiwer  factor  of  |«»ad. 
.7;  fre<|Uency,  100  «yeles  [mt  .second.  Calculate  line  lo.ss  and  dn>p 
in  per  ei-nt  of  F.  M.  F.  delivered.      (I'.se  table  and  chart.) 

10.  Ill  instidling  A.  (*.  <'ireuits.  what  re(|iiirements  are  insistetl 
on  as  to  the  placing  of  conductors  in  conduits? 

11.  De.serilM'  tin-  mamifaetun",  u.m*,  and  sjXHMal  advantiigt's  (»f 
the  dilT«Tent  kimls  of  annon-d  cable. 
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12.  Describe  three  different  methods  of  testing?  Which  is  to 
be  preferred? 

13.  What  conditions  determine  whether  a  two-wire  or  three-wire 
system  of  wiring  should  be  used? 

14.  In  locating  cut-out  cabinets  and  distributing  centers,  what 
requirements  should  be  fulfilled? 

15.  What  is  "knob  and  tube"  wiring?  Explain  its  use  and  dis- 
cuss its  advantages  or  disadvantages. 

16.  How  far  apart  should  insulators  be  placed? 

17.  What  tests  should  be  made  before  an  electric  wiring  equip- 
ment is  finally  passed  for  acceptance?     Give  reasons. 

18.  What  regulations  govern  the  use  of  fibrous  tubing? 

19.  What  is  meant  by  mutual  induction? 

20.  What  are  the  advantages  and  disadvantages  of  overhead 
linework  as  compared  with  underground  linework? 

21.  Describe  and  illustrate  by  sketches  proper  methods  of 
supporting  and  protecting  conductors. 

22.  Discuss  the  advantages  of  running  conductors  exposed  on 
insulators. 

23.  Illustrate  by  diagram,  proper  and  improper  methods  of 
grouping  conductors  of  two  two-wire  circuits. 

24.  What  dangers  are  inherent  in  the  use  of  moulding?  What 
precautions  should  be  taken  to  avoid  them? 

25.  Describe  the  proper  methods  of  laying  out  branch  circuits, 
(a)  in  fireproof  buildings;  (b)  in  wooden  frame  buildings.  Give 
sketches. 

26.  What  methods  of  installing  wiring  are  best  adapted  for  the 
following  classes  of  buildings,  (a)  fireproof  structures;  (6)  mills, 
factories,  etc.;  (c)   finished  buildings;  (d)  wooden  frame  buildings? 

27.  What  is  skin  effect?     Its  bearing  on  the  problem  of  wiring? 

28.  In  selecting  runways  for  mains  and  feeders,  what  pre- 
cautions should  be  taken? 
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REVIKW    QUKSTIONS 


OTt    TiiK    MUrvJiocrr    cjk 


ELKCTRIG    ElOir  riXG. 


1.  State  tlie  current,  voltage,  candle- jxnver,  and  efficiency  ol 
the  incandescent  lump  most  coninionly  used. 

'J.     What  (U>  you  understand  l»y  the  "  sniasliing  point"? 

3.  (live  the  main  points  of  dilFerence  lietween  the  thret 
forms  of  arc  himp  mechanism. 

4.  ^[ention  the  three  ])rincijial  part.s  of  the  Nernst  Janij). 

5.  Describe  with  sketdi  the  anti-paraUel  system  of  feeding. 
().      Prove  tlie  hiw  that  illumination  varies  inversely  with  the 

Bquari-  of  the  distance. 

7.  Why  is  arc  light  photometry  a  more  dillicult  probleuj 
than  incandescent  i 

S.  Calculate  the  illumination  three  feet  ahove  the  lloor  at 
the  center  of  a  room  Is  ffft  scjuare  and  12  feet  high,  lighted  l»y 
f(jur  l()-candIe-po\ver  lamj)S  1>  feet  above  the  tloor  at  the  center  of 
the  side  walls,  assuming  the  coetKcient  of  retlection  to  he  oO'Jr. 

'.•.  What  nniterial  is  used  for  the  tilanu-nt  of  incandescent 
lamps  {      Mxplain  why, 

1<>.      !•  rom  the  curve  given  in  Kig.  4,  determine  the  etliciiMicy 
which  corresponds  to  the  temperature  of  1 ;-{()()    Centigrade. 

11.      What  is  the  ohjei't  of  «loul»le  carbons  in  an  arc  lamjif 

\'l.      What  is  meant  by  mean  spherical  candle-power  f 

\'-'>.      What  is  th(>  function  «»f  tlie  hi-ater  in  the  Xernst  Unip? 

11.      1  >fscriite  the  Hunsen  I'hotomi'ter. 

1.").      How  does  the  lighting  of  public  halls  dilTer  from  that  of 
rcHidenct's  i 

If).      Why  cannot   plaliiiiini  wirr   b<>  iisi-d    for  the   fihiment  of 
incande8C4Mit  lumps? 
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ELECTRIC  LIGHTING 


17.  In  a  direct-current  arc  lamp,  which  carbon  bu)  ns  away 
the  more  rapidly  ? 

18.  How  are  arc  lamps  rated  ? 

19.  What  are  the  important  advantages  of  the  two-wire 
parallel  system  of  distribution  ? 

20.  Name  and  describe  the  most  desirable  standard  for  pho- 
tometric measurements. 

21.  How  many  measurements  should  be  taken  in  the  deter- 
mination of  spherical  intensity  ? 

22.  What  is  meant  by  flashing?     Explain, 

23.  Define  emissivity. 

24.  If  the  voltage  of  an  incandescent  lamp  be  increased  4% 
above  normal,  what  is  the  effect  on  the  candle-power,  efficiency 
and  light? 

25.  Explain  the  Cooper-Hewitt  lamp,  stating  the  two 
methods  of  starting. 

26.  Compare  the  open  and  enclosed  arc  lamps. 

27.  Why  is  the  positive  carbon  placed  above  the  negative  in 
a  direct-current  arc  lamp? 

28.  Sketch  and  name  the  different  forms  of  incandescent 
lamp  filaments. 

29.  Under  what  conditions  can  a  3.1-watt  incandescent  lamp 
be  used  ? 

30.  What  is  the  function  of  the  arc  lamp  mechanism  ? 

31.  What  are  the  advantages  of  the  three-wire  system  ? 

32.  Why  is  it  necessary  to  exhaust  the  bulb  of  an  incandes- 
cent lamp  ? 

33.  At  what  point  in  their  life  should  incandescent  lamps 
be  replaced  ? 

34.  What  is  the  object  of  a  resistance  in  series  with  the  arc 
lamp  in  constant-potential  direct-current  systems? 

35.  Name  the  advantages  of  the  Nernst  lamp. 

36.  What  sort  of  lamps  and  of  what  candle-power  should  be 
used  in  residence  lighting? 

37.  Give  the  characteristics  of  the  Cooper-Hewitt  lamp. 

88.  What  will  be  the  external  resistance  on  a  110  volt  con- 
stant-potential system,  if  the  load  consists  of  437  lamps  of  16 
candle-power  ? 
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OM      '1'  II   K      MT'H.IK«"'r      CK 


PT^As'n;iv'  i.\< 


1.  Di-scrilx-  the  proper  iiielliod  <>f  spacing,  nailin^j,  and  joining 
wiKxl  lath. 

2.  (  )f  what  materials  is  mortar  (•oiii])ose<r.''  \Vhat  are  the 
recjuirement-s  of  each  to  insure  ^ood  results? 

3.  Compare  the  relative  a<lvaiitaues  ol"  metal  and  \voo<l  lathing 
for  both  interior  anil  exterior  plasterin;^'. 

4.  IIow  are  estimates  for  latliin«j  and  plasterinj;  made? 

5.  ^Vhat  precautions  are  ahsoluti-ly  necessary  in  the  placing 
of  metal  lath? 

(i.      If  wood  lathing  is  used  on  exterior  work,  how  should  it  Ix^ 

laid'^ 

7.  When,  if  ever,  is  wire  lath  preferahh'  to  expanded  metal? 

8.  Descrilx-  in  detail  the  jmx-ess  of  slaking  the  lime  and 
mixing  the  mortar  ft^r  ordinary  interior  plaster  work  in  dwelling- 
houses.     What  precautions  are  to  he  oh.serveil? 

0.  Should  mortar  I)e  used  as  soon  as  mixitl?  I  )i.scuss  this 
question  in  all  its  hearings. 

10.  How  would  you  mix  the  mortar  for  exterior  work? 

11.  If  lime  is  not  thoroughly  slaked,  what  trouMe  is  likely  to 
develop? 

11'.  What  will  he  tlu>  elh-ct  of  using  too  much  lime  in  mixing 
mortar?     too  much  .s^md? 

l."{.     What  are  the  e.s.sentials  for  duraMe  exterior  plastering? 

1  I.  Discuss  the  relative  advantages  of  thn-e-ioat  and  two-iimt 
work.     In  what  kind  of  work  are  three  coats  always  ni'c«\ssiiry? 

l.'i.  In  interior  work,  what  precautions  must  U-  »)l>serveil  in 
laying  the  successive  coats  of  plaster?     In  exterior  work? 
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REVIET¥     QUESTIONS 


ON     THE      STJBJBOT      OF 


PATNTING 


1.  Wliat  is  the  difference  between  raw  and  boiled  oil?  When 
is  one  preferable  to  the  other? 

2.  What  would  you  consider  a  good  brush  outfit  for  painting 
and  varnishing  the  interior  woodwork  and  exterior  finish  of  a  modern 
frame  dwelling? 

3.  How  would  you  make  your  own  putty  if  you  could  not  buy 
a  satisfactory  grade? 

4.  Describe  the  principal  ingredients  used  as  pigments.  As 
vehicles. 

5.  What  are  thinners?    Dryers?    Fillers? 

G.     How  are  painters'  brushes  kept  in  good  condition? 

7.  How  are  paints  adulterated? 

8.  Describe  the  process  of  mixing  the  successive  coats  of 
paint  for  ordinary  interior  (not  floor)  and  exterior  woodwork. 

9.  Describe  the  process  of  preparing  the  woodwork  and 
applying  the  successive  coats  of  paint  in  ordinary  interior  (not  floor) 
and  exterior  work. 

10.  Wliat  points  require  particular  attention  in  the  repainting 
of  an  old  job? 

11.  Describe  the  process  of  painting  a  plastered  wall. 

12.  Describe  the  material  and  methods  of  work  in  roof  painting. 

13.  What   is   enamel   paint?     How   would   you   do   a  job   of 
enameling  the  woodwork,  say,  in  a  bathroom? 

14.  Describe  in  detail  the  process  of  painting  structural  metal. 

15.  How  are  varnishes  classified? 

16.  Describe  the  method  of  preparing  and  applying  shellac 
varnisn. 
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